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(54) f Image quality prediction and control apparatus and method 



(57) : An ima^e quality cdntrol apparatus is ; disctosed 
which' comprises: ' rV " Ji ' c 

image division means for dividing an input' image 
into a plurality of divided images constituted by a 
predetermined number of picture elements; 
conversion means for converting said divided imag- 
es divided by said image division means into con- 
verted coefficients; 

image analysis means for finding a property of said 
divided images divided by said image division 
means; 

image output property output means for oulputting 



■ . a property of image output means; 
quantization method selection means for selecting 

"''^a >y q uantizat'bri:me^hpd w 'in-' response to the divided 
image property fd'uhdby said image analysis means 
and the image output means property output by said 
image output property output means; 
quantization means for quantizing the conversion 
coefficients found by said conversion means by the 
quantization method selected by said quantization 
method selection means; and 
coding means for coding the conversion coefficients 
quantized by said quantization means. 
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Description , 

BACKGROUND OF THE INVENTION 

This, invention reiales to control techniques of the 
image quality of a decoded image and prediction tech- 
niques of the image quality of a decoded image when 
image compression is executed. ,,, , 

In recent years, images have been compressed. for 
reducing the storage media capacity or the transmission 
time. In the description, that follows,, image coding, is 
used in the same meaning as image compression. 

As shown in Fig. 41 , input images are compressed, 
transmitted, and stored in a system wherein image input 
machines such as scanners or,, image generation ma- 
chines such as computers and image output machines 
such as printers-are connected by a network, in recent 
years : images used in such a system have become high 

- definition, colored,, and a large capacity, thus it becomes 
important to raise the image compression. ratio. ( . , 

The image compression systems are classified into 
reversible and non-reversible systems. In the reversible 
compress ion- system, if an image is decompressed after 
it is: compressed, the original image can be restored 
completely. In the non-reversible compression, system,. 
s a compression ratio higher than, that in the reversible 
. compression, system can be expected, but if. a com- 
pressed image is decompressed, it cannot completely 
be restored ,to the original image, causing, degradation 
of the image quality. .,, . ■ , v ., r . : , 

... General ly, : to execute image compression inversely 
, -• proportional relationships would exist -bet ween,tjie corri- 
pression, ratio: and the -image quality .under the- same 

- ,coding : conditions, , because the non-reversible M conv 
Tpression system realizes a high compression, ratio by, 

discarding information considered to be hard t p. affect 
, the. sight sense in an. image... Thus, if the compression 
, ratio is small, a small amount of information is discarded 
and the image quality is good; if the compression ratio 
. is enlarged, discarded information is increased,and the , 
t image quality is.degraded. . .~ , . ;■ - 

When image compression is executed, it is desired 

• to maintain a predetermined jrnage quality.and .realize 
a high compression ratio as much as possible., That is, 

• ,the coded. image quality needs to be controlled so as to, 
•become the maximum permissible image quality.. r 

.Conventional nonreversible compression systems 
for controlling the coded image quajity will be discussed 
below: 

(Conventional system 1 ) r : - ; -v-c-;\ 

A conventional example of a system for generally 
controlling the image quality for improving the compres- 
sion ratio of the whole input image will be discussed as 
conventional system 1 . 

An input image may change locally in property. If an 
image is coded by a coding system, it contains image 



portions whose image quality degradation is easy to see 
and those whose imacje quality degradation is hard to 
see. Considering the image quality of the whole input 
image, the whole compression ratio needs to be less- 
5 ened to decrease degradation of the image portions 
. whose image quality degradation is easy to see. 

Then, an input image is divided into blocks and 
, whether iniage degradation is easy or hard to see is de- 
termined for each block. The compression ratio is low- 
to ered or the quantization step size is narrowed, for the 
block where image degradation. is easy to see; the com- 
pression ratio is raised or the quantization step size is 
widened for the block where image degradation is hard 
to see, whereby the compression ratio of the portion 
is , where image degradation is hard.to see can be raised, 
thus the Whole compression ratio can be improved with 
the image quality made' constant. 

For example, a system using DCT (discrete cosine 
„ transform) typified by a JPEG (joint photographic coding 
20 experts group) system as described on Maruzen "Mul- 
. timedia fugouka no kokusai hyoujun 18-43 pages" uses 
a quantization matrix adaptive to 'the property of an input 
image block, thereby providing a high compression ratio 
with the same image quality . The DCT coding system 
25 will be briefly discussed below wjth reference to Fig. 42. 

In Fig. 42, numeral 391 is an input image, numeral 
392 is a blocking circuit for biocliing the input image 391 , 
numeral 393 is an orthogonal tra'n.sf or mat ior\ circuit for 
. ..orthogonally transforming bldcked imjage information, 
30 numeral 394 is an orthogpnaltransfornriatipn coefficient, 
numeral 395 is a quantization circuit for quantizing the 
orthogonal transformation coefficient .39 4, numeral 396 
is a coding circuit for coding the quantized orthogonal 
^..transformation coefficient 394, and numeral. 397 is a 
3S~ r code.. v ' . . t " . " ' 

...The input image information 391 is separated into 
.rectangular blocks by the blocking circuit '392' The 
blocked image information js orthogonally transformed 
.by , the orthogonal transformation circuit 393 and the or- 
40 thogonal transformation coefficient 394 is ^output. The 
, orthogonal transformation coefficient 394 is:quantized 
by the quantization circuit. 395>cc6rding.to a predeter- 
mined quantization matrix.' The quantized orthogonal 
. .., transformation coefficients assigned a code by the cod- 
45 ing circuit 396 and isjoutp'ut as i the' code 397 : ' J r 

Since the coding system as ; shown in Fig. 42 exe- 
„ cutes the same quantization f jn..ajl blocks, the image 
quality is degraded in blocks where, distortion easily ap- 
, pears and visually fruitless information is . coded in 
so blocks where.distortion is hard^ to appear. , . 

Then, as described earlier, the conventional system 
, . is available which executes drfje/ent quantization for the 
image portions whose image.qualjt'y degradation is easy 
to see, and those whose, image quality degradation is 
55, hard to see, thereby raising the. high compression ratio 
with the same image .guality. The conventional system 
1 will be discussed with reference, to Fig. 43. .. 

Parts identical with those previously described with 
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reference to Fig.. 42 are denoted by the same reference 
. numerals Vi Fig.43. In Fig. 43, numeral 398 is an image 
analysts circuit for analyzing the property of an image 
'block numeralJ399 is the analysis result of the image 
analysis ■ circuit' 398,' numeral 400 is a quantization se- 
lect iorVcirc Lit for selecting a quantization method based 
on the analysts result 399, and numeral 401 is a quan- 
tization method selected by the 'quantization selection 
'circuit 400... ' """ - . " : n 

The operation of the conventional system' 1 will be ' 
discussed with Fig.^43. 

Blocked image information is sent to the image 
analysis circuit '398, which then analyzes the image 
.'* property in each block'. Various analysis methods 'are 
,.' available and specific examples of the analysis methods 
' will be described in conventional systems 1-i and 1-2. 
..Further, the analysis result 399 is sent to the quantiza- 
tion selection circuit 400; which then selects a quantiza- 
tion methbd?4b"l '.in .the DCT coding system, 5 the quan- 
tization selection circuit 400 selects an'bptimurn quan- 
t i zat i on m at r ix t or the ana [y si s res u It 399 . Th e ' se I ect ed 
" "quantization method '40l is sent to the quantization cir- 
cuit 39s; which .t Ken 'uses the quantization method 401 
to execute quantization. The 'operate of ot her corn po- 
n en t s is th e sam e as t h c" bp c rat ion i n F ig . 4 2 . 

" The 1 image quality ^control system of the convention- 
_ al system^ 'Wilf be discussed specifically usingr twb ex- 
ampl es'^of conventional 'system s 1-1 and 1 -2 w it h r"ef e r - 
' erice to Fig;' 43'' which picks out the main parts' of the 
conveniionai systems' and 1-2. -!:...'..-■ 

' if Convehtionaf syslem'i'-l j ' " ,! ' 

As the 1 conventional system VI / techniques dis- 
closed in the Unexamined Japanese Patent Application 
"'\''PuBlicatT6n No! h^ei '6-165149 will be discussed. The 
convention^! 'system' 1-1 determines whether or not 
each 1 input image block is appropriate for coding in the 
^ coding system use^dhefe'and if the input image block is 
appropriate. for coding, "codes the block at a high cdm- 
"pressiori ^ ratio because high image quality can be ex- 
' pected'. If the input' image block is not appropriate' for 
." coding! the conventional system 1-1 codes the block at 
""' a Tow Qpmpressibh ratiq'to enhance the image quality 
because" low 'image quaiityis expected" 

"For example,' in the. conventional system 1-1, the 
'\f image analyst, cirbuh 3^8'ih Fig. 43 measures a phys- 
: ical amount 399 indicating e J £isy occurrence of mosquito 
" noise for each block. Further, the 'quantization selection 
circuit 400 selects a qWntizatton parameter in response 
to the physical amount 399, thereby improving the com- 
"' pression 'ratio ih' the same image quality. Thus, control 
|s perfbrrhed so that the' code' amount increases in a 
block where'mbsquifd noise easily occurs and that the 
code c amburit decreases in a block where mosquito 
noise* is hard to "dec ur, thereby providing a high com- 
pression ratio with the same image quality. 

Specifically, in the conventional system 1-1 , the im- 



age analysis circuit 398 puts a 3 X 3 pixel window on 
pixels in a block, finds an average value of the absolute 
values of the gradation level differences between con- 
tiguous pixels surrounding the center pixel, calculates 

s the number of pixels with the ratio between the average 
value and the range width of gradation level signal in the 
block equal to or less than a predetermined threshold 
value, and determines whether mosquito noise easily 
occurs'or is hard to occur depending on whether or not 

10 'the number of pixels existing in the'block is equal to or 
greater than a predetermined number. 

(Conventional' system 1 -2) ' 

t5 'As the conventional system" 1-2, techniques dis- 
closed in the Unexamined Japanese Patent'Application 
Publication No. Hei 7-13567'i will be discussed. The 
conventional system M -2 determines whether or not 
each input image block is visually important' and if the 
20 input image block is visually 'important, codes the block 
at a' low compression ratio because high image quality 
~ is desired. If the input image block is not visually impor- 
tant, the conventional system 1-2 codes the block at a 
high compression ratib'because the image quality may 
25 be low. "■ '■ y 

~ v '- IrVthe conventional system 1-2, the image analysis 
circuit 398 in Fig': 43 detects the number of pixels 399 
with high red saturation in each block. Since red infor- 
mation is important foHhe sight sense of human beings, 
30 if the number of pixels 399 with high red saturation is 
: "laVge^the quant izatibri selection circuit 400 selects such 
' r;! ^qQahtl2afibHmatrix as to lessen the compression ratio 
" ;|V of 1 tHe : block; if the humber'bf pixels -399 with* high red 
nv s'aturati6h is small, the quantization selection circuit 400 

39 - selects such : a quantization matrix as to increase the 
' '^compression ratio of the block. -■ " 

Specifically, in the conventional system 1-2, the 
'^•'blocking circuit 392 separates input image signal into 
c ; 'blocks of 'luminance signal, Y signal, color difference 

40 M signal, R-Y signal," and colbr'difference signal, B-Y sig- 

nal. The image analysis circuit 398 determines that a 
: - pixel with- the R-Y signal higher than a predetermined 
'' threshold value is high in red saturation. Whether or not 
'"' each pixel is high in red saturation is checked and if a 
45" r 6lock contains a predetermined number of pixels with 
high red saturation or more, the block is set to a superior 
* blobk. The quantization method 401 controls so that the 
superior block is compressed at a low compression ra- 
tio. 

so 

(Conventional system 1-3) 

As the conventional system 1-3, techniques dis- 
closed in U.S. Patent No. 5,121,216 will be discussed. 
55 The conventional system 1-3 determines whether 

or not when distortion caused by coding is added to an 
input image block, it is easily visually perceived. When 
it is easily perceived, the conventional system 1 -3 codes 
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the input image block at a low compression ratio; when 
it is hard to perceive, the conventional system 1 -3 codes 
the input image block at a high compression ratio, there- 
by providing a high compressbn ratio with the same im- 
age quality on the sight sense of human beings. 

The conventional system 1 -3 assumes that a con> 
plicated image is hard to perceive in distortion, and rais- 
es the compression ratio.,' " 

In the conventional system 1 , the absolute subjec- 
tive image quality is not described considering thaUhe 
image quality is relative as to whether or not the human 
being seeing an image satisfies the image quality. 

(Conventional system 2) ' - - 

In the conventional ' systems,', the relationships 
among input image .signals, coding system parameters, 
and image quality 'are indicated. and image input and 
output machines are. fixed. In the conventional system 
2, image control methodswheri the properly of an input 
machine changes and when the property of an output 
machine changes will be discussed. 

In a conventional system 2-1, an input machine ex- 
ample .will be discussed andjn a conventional system 
2-2, an output machine example will bediscussed. 

(Conventional system 2-1) 

As the .conventional system 2-1 , tecKriiques dis- 
closed in the Unexamined Japanese Patent Apphcatipn 
Publication No. Hei 7.-177.463 will be. discussed. The 
conventional system 2-1 .controjs $ quantization jtableof 
data compression means based. 30 an f number of 'ap- 
erture means tor controlling the amount of light incident 
on. image pick-up means." Since the. f, number is an 
amount representing the property ofan'irnage corre- 
sponding to the physical amount described in the con- 
ventional system 1, a quantization, system, can be con- 
trolled without analyzing an image. . , \' r , '' t 

The conventional system 2-1 will be discussed with 
reference to Fig. 44 which picks out ; parts related to the 
invention from : the conventional system 2-1,. In Fig. .44, 
numeral 411 is an image input through a lens, ngmeral 
412 is an aperture lor limiting the incident Tight amount, 
numeral 419 is. a photoelectric conversion sectionfor 
converting an. input light signal into digital data by per- 
forming image pick-up, A/D conversion, signal process- 
ing, etc. , numeral 41 4 is an f number of the aperture 41 1 , 
numeral 415 is a compression ratio selection section for 
sejecting a compression ratio based on the J number 
414, numeral 413 is a compressing section for com- 
pressing data at a, compression ratio. selected by the 
compression ratio selection section 415, .and numeral 
418 is, compressed data. t . 

In Fig. 44, the f number 414 is a physical amount 
well representing the property of input image data and 
corresponds to the image analysis result 399 in Fig. 43. 
Thus, the compression ratio selection section 415 se- 
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lects a quantization table from the f number 414 like the 
quantization selection circuit 400 in Fig. 43. 

Specifically, if the f number is greater than a prede- 
termined number, the compression ratio is lowered and 
5 if the f number is smaller 'than the predetermined 
number, the compression ratio is raised, thereby guar- 
anteeing the image quality, ' 

(Conventional system 2-2) 

70 ' ' '"' ' ' 

As the conventional system 2 : 2, techniques dis- 
closed in the Unexamined Japanese Patent Application 
Publication No. Hei 6-165148 will be discussed. 

to'execute image communication, the conventional 

1 5 system 2-2 inquires about the. display screen size of the 
associated terminal and codes data in a step size to en- 
able sufficient image quality to be provided lor the dis- 
play screen size : whereby a high compression rate can 
be provided without degrading the display image quality 

20 if the associated terminal has ,a small display screen 
size. Thus,' a large .amount of moving information can 
be sent at the same line speed; resultahtty, the subjec- 
tive image quality is'improved^ 

The. relationship between the display screen size of 

25 the associated terrninal,and the. quantization step size 
appropriate for the size is defined by ai subjective eval- 
uation experiment. That is, the quantization step size is 
changed for each display screen size and a-subjective 
evaluation value called MOS ('mean opinion score) is 

30 rneas u rec j j 0( - eX a m p le , as s hown in F ig , 45. ( Tn e g ua r- 
anteed performance of the image, qu ality. ts determined 
on the MpS scale. and the step sjze.^ 
guarantee^ pert ormance 'is .found for each display size. 
In the example in Fig. 45, to transmit data to an associ- 

35 ated terminal, having display, size 1 , the data. is coded in 
quantization step size 1 ; " To transmit. data to an associ- 
ajied.terminal hayingdisplay size 2, the. data. is poded in 
quantization step size 2. To, transmit data, to an. associ- 
ated terminal haying display size 3, the data is coded in 

,fo quantization step size 3. | . .." . . " . 

The MOS, yvhich is one of the subjectrvepyaluation 
methods of the image quality, finds.^a mean ,op|n bh 
score ot the determination results of, the evafuators as 
to which of predetermined quality categories each im- 

4 5 age belongs to. ' ,~ . .'.'!' 

The conventional- system 1 .measures the. physical 
amount of an input image and codes the input , image 
with a coding parameter adaptive to the* physical 
amount. The conventional systerp 2 measures the state 

so of an input or output machine as a physical. amount and 
codes data with, a coding , parameter adaptive to . the 
.state. In. the conventional systems, the rneasured phys- 
ical amounts are. limited. That, is, they are limited only to 
the measurement values of the f qatu re amounts of input 

55 images in the conventional system . 1 ; they are limited 
only to the measurement values of the feature amounts 
of input or output machines in the conventional system 
2. . .. , ; t . ..' ' t . 
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' However, the factors affecting the actual image 
quality are riot limited. They include the input image 
properly, the input machine property, the output ma- 
chine* property, etc. , as described in the conventional 
systems. Further the property of the image coding sys- 
tem' also affects the image 'quality although not de- 
scribed in the conventional systems. 

In the conventional systems, image coding param- 
eters are given in a one-to-one correspondence with in- 
put one-dimensional physical amounts; other factors al- 
fecting the image quality are fixedly considered, thus, 
the systems are not designed for giving an appropriate 
coding parameter if a plurality of physical amounts are 
input. '"" ' ' , 

The image quality 'depends on the sight sense char- 
acteristic of human beings and if the image quality \al- 
fecting factors change independently of each other, the 
image quality changes'non linearly. Thus! it is difficult to 
predict the image quality for' the ph'ysicaramount for 
which an actual subjective evaluation experiment is hot 
carried out. It ts considered that for this reason, hitherto, 
image quality control' only with one-dimensional' physi- 
cal amounts has been performed. 

Therefore^ image quality control considering the 
properties of various image Quality affecting factors can : 
not be performed. " 

"SUMMARY OF THE INVENTION 

J* '%'is therefore an'objecrof the invention to jDrovide 
^a"h j ma 4 ua I \\f corit Vol : sy st e m th at ca ri nibas u re i h e 
physical amounts bf a 1 : plurality of factors affecting image 
quality' and cbntrbl'the 'image quality from the measured 
' ^physical a'fno'.uhts. ' 

'' " J " The principles of the x invention will be first dis : 
cussed.' Hereinafter^ the image' quality felt tiy a human 
being Who" sees'.'the whole irpage when an output image 
is presented wili be ;ef erred to : as total image quality. 

: " ' First, an image quality degradation state is divided 
into items. The image quality degradation items are 
items that can be measured comparatively easily. . The 
totar^m'agec^uSlitv results frdrh various factors and can 

'be treasure only bV subjective evaluation, but the image 
quality tor e^ch" image quality degradation item can be 
easily measured. The total image quality is determined 

"by totalizing' the image Quality for each image quality 

/'degradatibri'item:' * ; ' '" ~ 

;i ~" 5 " Furtri'er, the image quality degradation state is di- 
' vidied into the image qualrty 'degradation items, whereby 
various' input physical amounts of an input image prop- 
erty, ah "output mach ine property, ah input machine prop- 
erty, 1 a h' linage coding system property, etc., are once 
converted into cohiin'uous parameters; the space con- 
sisting of' the parameter's can" be' made such a space 
wherb the image quality- changes continuously. 

Since the image quality in' the space is continuous, 
if it is previously measured on a lattice, the image quality 
by image quality degradation item can be measured by 



interpolation, etc., from the points consisting of the pa- 
rameters. 

Thus, the invention converts various input physical 
amounts of an input image property an output machine 

5 property, an input machine property, an image coding 
system property, etc.,' into continuous parameters for 
each divided image quality item and predicts the image 
quality of the image quality item from the parameters 
and'tne total image quality from the image quality for 

io each image quatity item. 

Next, the invention will be discussed in more detail. 
According to a first aspect of the invention, there is 
provided an image quality prediction system comprising 
a plurality of item-by-item image quality prediction 

75 means and total image quality prediction means for de- 
termining total evaluated image quality in response to 
degradation degrees predicted by 'the item-by-item im- 
age quality prediction means, characterized in that each 
of the item -by-item image quality' prediction means com- 

20 prises input image properly space placement means for 
finding a position of an input image property in" a space 
where a degradation degree varies continuously for the 
input image property having relation to an image quality 
degradation evaluation item causing image quality deg- 

25 radafion of ah input image : image coding properly space 
placement means for finding a position of an image com- 
pression property in a space where a degradation de- t 
gree varies continuously for the image compression 
property affecting the image quality degradation evalu- 

30 at ton item causing image quality degradation of an im- 
age cbmj5ressecJ in rioh -reversible coding, output device- 
property space pta ; cemerit means for. finding a position" 
bran out put device 'property in a space where a degra* : * 
j da'tioh degree varies continuously for the output device 

r 3S property affecting the image' quality degradation evalu- 
ation item" causing image quality degradation of an out- 
put image, and image quality degradation degree 'pre- 
diction means for predicting a degradation degree for 
the image quality degradation evaluation item of the im- 

40 age in' response to the position of the input image' prop- 
erty found by the input image property space placement 
me&Yis, the'ppsition of the image compression property 
found by the image coding property space placement 
means, and the position of the ; dutput device property 

45 'foundry the output device property space placement 
means, in relation to the corresponding' image quality 
degradation evaluation item: ' 

According to the configuration, various input phys- 
ical amounts of the input image property, the output ma- 

50 chine property, the input machine property, the image 
coding system property, etc., are converted into contin- 
uous parameters for each divided image quality item 
and the image quality of the image quality item can be 
predicted from the parameters and the total image qual- 

55 tty can be predicted from the image quality for each im- 
age quality item. 

In the configuration ;*each of the item-by-item image 
quality prediction means can further include input image 
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property determination means being responsive to a pa- 
rameter of an image input device for controlling an im- 
age quality of an image input through the image input 
device for finding a property of the input image,, and the 
input image property space placement means can use 
the input image property found by the input image prop- 
erty determination. means. . . - , 

Each of the item-by-rtem image, quality, prediction 
means can further include input image property deter- 
mination means foranalyzing an input image, thereby 
.finding a property of the inputimage and the input image 
property space placement means can use the input im- 
age property found by. the input image property deter- 
mination means. r,r ; i r . *: ■ n ; >; ; 

. The total image quality prediction means can deter- 
mine that the minimum value of the degradation degrees 
predicted by the image quality degradation degree pre- 
diction means contained ip the item-by- item image qual- 
ity predict ion. means is adopted as total evaluated image 
quality. ■ : . ^ ■ - - . 

The total image quality prediction means can deter- 
mine that the linear sum of the degradation degrees pre- 
dicted by the.image.quality.degradation degree predic- 
tion means contained in the ^item-by; itenrv image quality 
prediction means is adopted as total evaluated image 
quality. ■■. r -\ • . ■>.. : ; 

According to a second aspect of the invention, there 
. is provided an image quality control sy.sterr»,cqrn prising 
a plurality of item-by-item image, quality icontrol- method 
: determination means cand, total-image, quality control, 
< means . Predetermining; a codingjpararnete/ t m t - image 
compression to accomplish desirediimage:guality in re- 
sponse to relationship between: degradation -degrees 
: . : determined by the item-by- item;jmage quality control 
method. determination means and. coding parameters, 
characterized' in that each of the item-by-item image 
quality control method determination means comprises 

• input image property space placement means for finding 
^ a position of an input image property in a space where 

a degradation degree varies continuously for the input 

* ; image property having relation toanimage quality deg- 
radation evaluation item causing image qua I ity ; degra- 
dation of. arr input. image, image qoding property space 
placement means for finding a position of an image com- 
pression properly in a space where a degradation de- 
gree varies continuously for the image compression 
property affecting the image quality degradation evalu- 

! ation item causing image quality.degradation of an im- 
age compressed in non-reversible coding, output device 
property space placement means for finding a position 
of an output device property in a space where a degra- 
dation degree varies continuously for the output device 
property affecting the image quality degradation evalu- 
ation item causing image quality; degradation of an out- 
' put image, and image quality control- method determi- 
nation means for determining relationship between a 
degradation degree for the image quality degradation 
evaluation item and a coding parameter in image com- 
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pression in response to the position of the input image 
quality found by the input image property space place- 
ment means, the position of the image compression 
property found by the image coding property space 
5 placement means, and the position of the output device 
property found by the output device property space 
.placement means,, in relation to the corresponding im- 
age quality degradation evaluation item. 
- ; : In the configuration, various input physical amounts 
to of the input image property, the output machine proper- 
. , ty, the input machine property, the image coding system 
property, etc., are converted intocontinuous parameters 
for each divided image quality item and the image qual- 
ity control method of the image quality item can be de- 
*5 termined from the parameters. and the total image qual- 
ity can be controlled by the determined image quality 

control methods, . . ( , 

In the configuration, each of the it em -by -item image 
quality control method determination means can further 
20 include input image property, .determination means be- 
. ing responsive to a. parameter of an image input device 
, for controlling, an image quajity of an image input 
through the image input device for finding a property of 
..the input image and the. input image property space 
25 placement means can use the input image property 
found by the input imagepr.operly determination means. 
. Each of the i1em : by.- item ..image quality control 
, . method determinatbn means can further include input 
j( image property determination means for analyzing an 
30, ; input image, thereby^ f ind in gi a, Proper^oHhe input im- 
Vl jage and the input Jmage propejity., space placernent 
. r , .meansxan use, the rnput.image,p rORerty foljnd by the 
in put;{mage ; property determination means., . . 
;,*. . The total image. quality control means candeter- 
35, mine a coding parameter to accomplish desired image 
., quality and provide the minimunn. coiTipression. ratio 
. .based on the relationship between the. degradation de- 
gree and coding parameter in image compression de- 
termined by the image, quajity control method determi- 
40 nation' means contained; in each of the item^y-item im- 
age quality control. method. determination means. 

According to.a ; third aspect of the, invent fon, the re is 
> provided an image i qua!ity c.ontrol system comprising im- 
age division means for dividing an .input image into .given 
45 ; ,., constant areas, conversion means. forconverting the im- 
age divided by the image. division means and finding a 
conversion coefficient, image analysis, means for finding 
a property of the image divided by the image division 
means, image output property output. means fo: output- 
50 ting -.a property 9f image output means, quantization 
method selection^ means for selecting a, quantization 
method in response to the divided image property found 
by the image analysis means, and t the image output 
means property output by the image output property out- 
55 . put means, quantization means for quantizing the con- 
j version coefficient found by. the conversion means by 
the quantization method, selected by the quantization 
method selection means, and coding means for coding 
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the conversion coefficient quantized by the quantization 
means". 

' According to the configuration, the quantization 
method is determined in response to the divided image 
prbperty and the image output means property, so that 
fine image quality 'control is enabled. 

tn the configuration, the image output means prop- 
erty output by the image output property output-means 
'"cah : include the effective number of gray levels of the 
" image output means. The image output means property 
' output by the'image output property output' means can 
include the output frequency characteristic of the image 
" output means. 

Trie divided image properly found by the image 
analysis means can : include the line width in the divided 
image. 

The divided image property found by the image 
" analysis means can include a power distribution for 
each frequency of the divided image." 1 '■ ! - 

According lo a fourth aspect of the invention; there 
is provided'an image quality control system comprising 
" : "image division means for dividing an' input image into 
given constant areas, conversion means for converting 
the image divided by the image division means and find- 
ing a conversion coefficient, image analysis means for 
' finding'a r property of the image divided by the image di- 
vision' means "image coding property output means for 
" outputttng a : property of a quantization method and a 
.property of the conversion means, quant izatiori'rriel hod 
Selection means' forse 7 leering a quantization method in 
: "'/response' tojrie (Divided i'rriage property found by the im- 
v ' ag e' a rial y k is r mean s' : a n d th e : q ua hi izat i on 1 m et hdd ; prop- 
erty and th'e "conversion means property^ output- by' the 
image Coding property output means, quantization 
\ : '"rneans i i6r quantizing the conversion coefficient found' 
"'by the conversion means by the quantization 1 method 
selected by the' quantization method selection means, 
ahd coding rtieahs tor codtngthe conversion coefficient 
;l quantizec! by the^uantizatiorv means. 
' ' f 1 In thVcbnfiguration, the : quahtization method is de- 
termined in response to the divided image property, 
'' ' quantization method property, arid the property of the 
conversion means for "gene rating a conversion coeffi- 
"^''"'c'ient; so that tiri er image quality control is enabled. 

: ; 'In the configuration, the image output means prop- 
' \ erty biitpuVby the image output property output-means 
l; ' ' can Include the^ effect ive'" : n umber of gray levels of the 
"image output means. 

|; " ' The cdnveVsioh means property output : by the im- 
age" coding property output' 'means can include a prop- 
! " ' erty relatedlo discrete- cosine' transform. 
: " 1 The conve'rs ibh' mea ns prop erty' output by the im- 
3 age ceding property output means can include a prop- 
: ' erty related to conversion based on prediction' 

' ; ' The' image output' rheahs property output by the im- 
age output property output means can include the oul- 
' ' ; * put 'frequency chara'cteristic'of the image output means. 
The 'divided image property found by the image 



analysis means can include the line width in the divided 
image. 

The divided image property found by the image 
analysis means- can include a power distribution for 
5 each frequency of the divided image. 
" " ,r - According to a fifth aspect of the invention, there is 
provided an image quality prediction system comprising 
^a ' plurality ! of item-by-item image quality prediction 
"means each comprising input image property input 
10 -means for inputting a< property of an input image affect- 

• ing an image quality degradation evaluation item caus- 
ing image' quality degradation of an input image, image 
^coding property input means for: inputting a property of 
image compression affecting an image quality degrada- 

15 Won evaluation item causing image quality degradation 
of an image 'compressed In non- reversible coding, out- 
put device property input means .for inputting a property 
l ~ of an output device affecting-an image quality degrada- 
•'. tion evaluation iterircausing image quality degradation 
20 of an output image, and image quality degradation de- 
gree prediction means for predicting a degradation de- 
■gree for the image, quality degradation evaluation item 
: : of the image in responses the input image property in- 

• put by the input image property input-means, the image 
2S ' compression property input by the image coding prop- 
erty input means, and the output device property input 

' by the output device property^input means, for a plurality 
of image f quality degradation evaluation items, and total 
image" 3 quality prediction means for determining total 
3d- ^evalua'ted image quality 1 inTesponse to evaluated image 
■quality predicted- by' the image quality degradatioade- 
gre^^redictidh'niearfs^conta'ined in each of the rtem-by- 
''^©itdmirrage^qtfatity prediction means: • . " V 
'.-. -in; Aiso' ih the ; configuraTionr various input : physical 
35 : amounts of the ihput image property, the output machine 
■ l - property, the ihput machine property, the image coding 
: ' : ' gystem property, etc., are converted into continuous pa- 
^'talrrtetersfor each divided image quality item and the im- 
'-'" age quality of the image quality item can be predicted 
40 --Tre-m tf>e parameters and the totalimage quality can be 
^pKedictecPfrorft'the image quality for each, image quality 
'! item.- i i- « . • ■ ■ 

; '.. In -the configuration, each of the item-by-item image 
f Equality prediction means can further include a memory 
4S y - tor 'storing evaluated image quality determined by the 
1 ' Hhput image property, the image compression property, 
' and the output device property and previously found by 
an evaluation experiment for each image quality degra- 
-datioh' evaluation item -and the image quality degrada- 
so tion degree prediction means can readthe. evaluated im- 
age quality stored in the memory by using the input im- 
age property input- by the input image property input 
means, the image compression property input by the im- 
age coding property input means, and the output device 
ss property found by - the output device property input 
means.- 

If evaluated image quality corresponding to the in- 
put image property input by the input image property in- 
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put means, the image compression property input by the 
image coding property input means, and the output de- 
vice property found by the output device property input 
means is not stored in the memory, the image quality 
degradation degree prediction means can use values 
close to the input image property input by the input im- 
age property input means, the image compression prop- 
erty input by the image coding property input means, 
and the output device property found by the output de- 
vice property input means to .read relationship between 
the evaluated image quality, stored in the memory and 
coding parameter in image compression. . 

According to a sixth aspect of the, invention, there 
is provided an image quality control system comprising 
a plurality of item-by? item image quality control method 
determination means each comprising, input image 
property input means for inputting a property of an input 
image affecting an image quality degradation evaluation 
item causing image quality degradation .of an input im- 
age, image coding. property input means for inputting a 
property of image compression affecting an image qual- 
ity degradation evaluation item causing image quality 
degradation of an image compressed in non-reversible 
coding, output device property input means for inputting 

„ a property of an output device affecting an image quality 
degradation evaluation item causingjmage quality deg- 
radation of an output image, and image quality control 
method determination means for determining .relation- 
ship between a degradation degree for the , image quality 
degradation evaluation item and coding, parameter in. 
image compression in response to the Jnput jmage. rjrpp- 
e rty *i n p ut- by . t n e ; input image £ roperty jn put : means , t t h e 

, image compression; property input by tfie. image coding 

.. property input means, and the .output device property 
input by the output device property, input means, for a- 
plurality of image quality degradation evaluation items, 
desired imagejquality input means f or an operator to en- 
ter desired. image quality, and total image quality copjrol 

. . .means, for determining a coding parameter to accom- 
plish the desired image quality entered through the de- 
sired image quality input means in response to the re- 
lationship between the evaluated image quality and cod- 
ing parameter determinedly the image quality, control 
method, determination means contained in each of the 
item-by-item image quality control method determina- 

■ tion means.: ,. ,, ~ . .. . : 

Also in the configuration, various input .physical 

_ amounts of the input image property, the output machine 
property, the input machine property, the image coding 
system property,. etc., are converted into continuous pa- 
rameters for each divided image quality item and the im- 
age quality control method of the image quality item can 
be determined from the parameters and the total image 
quality can be controlled by the determined image qual- 
ity control methods. ^ . 

In the configuration, each of the it em-by-item image 
quality control method determination means may further 
include a memory for storing relationship between eval- 



uated image quality determined by the input image prop- 
. erty, the image compression property, and the output de- 
vice property and previously found by an evaluation ex- 
periment for each image quality degradation evaluation 
5 item and coding parameter in image compression and 
, the image quality control method determination means 
may read the relationship between the evaluated image 
quality and -ceding .parameter in image compression 
stored in the memory by using the input image property 
. io input by the" input image property input means, the im- 
age, compress ion property, input by the image coding 
.property input means, and the output device property 
found by,, the output device property input means. 

If. the relationship, between the evaluated 'image 
. is quality and coding parameter in image compression cor- 
responding to the input image property input by the input 
image property, input means, ^t.he, image compression 
property input by the. image .coding property input 
means,, and the output device property found "by. the* out- 
20 put device property input means is. not stored in the 
memory, the image quality, control method determina- 
tion, means may use values close to the input image 
property input by the .input image property input means, 
the image compression property input by the image cod- 
2S ing property, input means, and the output device prop- 
f erty found by the output device , prop.e rty input means to 
.,read the relationship between the evaluated image qual- 
. ity and, coding parameter in image compression stored 
... in the memory. ,.' ., i ... . : . : r . 

Tt 30 f . , , The image quality control system may ~f u i rth e r in- 
clude input image analysis rneanafpr ana jyz ing j an input 
t. , image, and input image, q ua I ityj effect d^gr^ 
...means for calculating an .effect ^degree for. an Image 
. ..quality degradation evaluation ^ item in response to the 
. 35. t analysis result of the input. irnage analysis means ; and 
the. input, image property input .means may .input jh'e ef- 
feet degree calculated by the. input image, quality effect 
degree (calculation means. t ^,1.., 

The input image analysis means can..include as a 
r 40, , property oi the input image to_be analyzed,! any, one or 
? more of the n umber of pixel val _uj3j types of, the input im- 
age, pixel value change of peripheral pixels, , power of 
. low-frequency and high-frequenpy signals, ancf image 
.^ quality when.a given image is coded by a given coding 
45. ..system and, the resultant image is output on a . given out- 
put device. . " ^. ... , . ,. 

. -The output device property input ^means may in- 
clude as.a properly of an output device, any one or more 
, x of resolution of ,the output device^ the number of gray 
. so ..levels, a frequency transfer. characteristic, [dot form, dot 
print accuracy, the number.of halftone dot line?, halftone 
.,.dot form, tone. curve, contrast,, and image quality when 
a given image is coded, by a.giyen coding system. 
. , The image coding property input means may in- 
ss etude as : a. property of image, pom press ion, any one or 
. more of a blocking technique, a, quantization character- 
istic, a frequency transfer characteristic, a subsampling 
technique, an interpolation technique, and a conversion 
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technique when the imagG compression is executed, 
and image quality when a given image is output by a 
giyen output device. 

The input image property input means may include 
as a property of an; input image] any one or more 6l im- 
age quality when the input image is coded by a given 
coding system and the resultant 'image 'is output on a 
'given output device and input camera 1 aperture informa- 
nt ion;, pixel density, pixel size, and the number of quanti- 
zation bits of image input device property. ■ ' 

According to a seventh embodiment of the inven- 
tion, there is provided an image quality control system 
comprising a plurality of item-by-item image quality con- 
trol method determination means each comprising input 
image property input means for inputting a property of 
an input image affecting an image quality degradation 
evaluation item causing irYiage quality degradation of an 
' " input' image, image 'coding property %lput means for in- 
putting a property of image'compfessioh affecting an im- 
age quality degradation evaluation item causing image 
quality degradation of an image compressed tn nonre- 
versible coding, output device informat ion input means 
for inputting' information concerning an output device, 
and image quality control method determination means 
for determining "relationship between' a degradation de- 
"' gree'fbr the image' qOalrty degradation evaluation item 
and coding' parameter in "image compression in re- 
sponse to the' input image property input by the 'irfput 
image property input means, the image comprbssion 
( pro'peHy input by 'the ' image coding ; property input 
'''"mdaris, ahVtliS output ^device information input J by the 
i K ' put p ut ; devjc l S Informal iorV in p ut mean s, for a plii ra lity of 
u V;niage r q6alitV = de§yadation evaluation Items- target im- 
/" age quality' input means for inputting target irnage' qual- 
"i\y[ ahd'total image equality control means for deterrfifning 
' ; a coding parameter tb accomplish the target image Qual- 
ity input by the target image quality input means : in re- 
sponse to the relationship between the evaluated image 
* 'quality an'd coding' parameter determined' by the image 
quality control method dete'rnriinatibn means contained" 
' "irreach ot the item- by- it em image quality control method 

determination means. : s 
[ y ■ 'Afsto in" tWe' configuration, various input 'physical 
{''^rri'ouhrs : of the input image property, the ihpiut machine 
property, 'the' image coding system property, p etc.yare v 
converted into continuous parameters for each divided 
* ; ' ima'gVquality item i arid tfi el rhag equality control method 
' "of the J irriage quality item can be determined from the 
" "parameters and ] outpuTdevice ! information and the total 
"' " image "'quality can be : controlled by the determined'im- 
"age quality cbntrbl methods'; 1 

The ! outp r ut device' information is the output device 
type or output device identification' information,' for ex- 
ample. The output device'types contain a xerographic 
printerfa silver salt photo printer, an offset printer, a CRT 
display, ah LCD display, 1 etc. The output device identifi- 
cation information contains the device names; the de- 
vice 5 numbers assigned by the manufacturers. 



According loan eighth aspect of the invention, there 
is provided an image quality prediction method compris- 
ing step A of finding a position of an input image property 
in a space where a degradation degree varies continu- 
5 ously for the input image property having relation to an 
image quality degradation evaluation item causing im- 
age quality degradation of an input image, step B of find- 
ing apposition of an image compression property in a 
space where a degradation degree varies continuously 
io 'for the image compression property affecting an image 
quality degradation evaluation item causing image qual- 
ity degradation of an image compressed in nonrevers- 
ible coding, step J 6 of finding a position ot an output de- 
'* vibe property 1 in a space where a degradation degree 
is varies continuously for'the output device property affect- 
ing an image' r quality degradation' evaluation item caus- 
ing image quality degradation of an output image, and 
step D of predicting a degradation degree for the image 
quality degradation evaluation item; of the image in re- 
20 sponse to the position of the input image properly lound 
in th'e-step A, the position' of the image'eompression 
property found in the step B, and the position of the out- 
put device property found in the step C,' for a plurality of 
image quality degradation evaluation items, and step E 
25 of determining total evaluated image quality in response 
to the evaluated image quality predicted for each of the 
image quality degradation evaluation items. w 

:, Also !1 iti the configuration, various input physical 
ahnouhts of 'the input image property, the output machine 
30 'property,' th^'ihput-machine property, the image coding 
system propeirfy, ; etc7, are converted into continuous pa- 
' '•rarfl^tWs'for'each tfivided image quality item and the im- 
l ' r age^ua1ity' 6f r 'the : imag^qua'tity item can beipredicted 
" frbitt the' pafafheiers and the" totai image quality can be 
35 • predTctedTrom the! image quality : f or each imagequality 
'' : item. " ' - Ai ' '■ • 

'- °' Ace6?din§ to a ; hinth aspect 'of the invention, there 
" is provided ^n image quality control method comprising 
s'tep : A of fihdfhg a "position of an input- image property 
40 in a space where a degradation degree varies continu- 
ously forihe' input image property having relation" to an 
' image ; quality degradation evaluation item causing im- 
' age quality degradation of an input image, step B of f ind- 
uing' a : position of : an : ima'ge compression property in a 
'" 45 space wherea degradation degree varies continuously 
for the image compression property affecting an image 
1 quality degradation revaluation item causing imagequal- 
ity degradation of an image compressed in non-revers- 
ible coding, step C of finding a position of an output de- 
50 vice property in a space where a degradation degree 
" J varies continuously : for the output device property affect- 
ing an image quality degradation evaluation item caus- 
ing image quality degradation of an output image, and 
step'-D of determining relationship between a degrada- 
55 tion degree lor the image quality degradation evaluation 
item and coding parameter in image compression in re- 
sponse to the position of the input image property found 
in the step A, the position of the image compression 
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property found in the step B, and the position of the out- 
put device property found in the step C, for a plurality of 
image quality degradation evaluation items, and step E 
of determining a coding parameter to accomplish' de- 
sired image quality in response to the relationship be- 
tween the evaluated image quality and coding parame- 
ter determined for each of the image quality degradation 
evaluation items. * ... • 

Also in the, configuration, various input physical 
amounts of .the input image property, the output machine 
property, the input machine property, the image coding 
system property, etc., are converted into continuous pa- 
rameters for each divided image quality item and the im- 
age quality cont rol, method of .the image quality item can 
be determined from the parameters and the total image 
quality can be controlled by the determined image qual- 
ity control methods. 

. In the description made so far, the image quality or 
image quality degradation for the image quality evalua- 
tion or image quality degradation evaluation items of an 
image also includes objective evaluation image quality 
values that can be measured as physical amounts in ad- 
dition to the values of the. subjective evaluation image 
quality felt by the observer for the blur, edge business, 
etc., of the image. 

BRIEF DESCRIPTION OF THE DRAWINGS ' ''' 
In the accompanying drawings; ., , . ~ 

. f , „ Fig. 1. is a block diagram to show Jhe configuration 

„ . ..of .a -first, embod im ent of the .invent ton ; J ' , ." 

/, , .. F i g , 2 is. a , block diagram^to ,sh6w ,the .main .part , of 
the first embodiment of the invention"; \ 
Fig. 3 is an illustration^ explain the principles ' of 

. . .. the first embodiment bf the invention; . , _ 

Fig. 4 is a block diagram to show the configuration 
. ^ of a second embodiment of the invention; '.. 
. Fig. 5 is.a block-diagram to show the main . part of 
the second embodiment.of the invention; 
Fig. 6'js an illustration to explain the principles, of 
the second embodiment of the .invention; . " 
Fig. 7 is an illustration, to, explain the. .principles of 
the second embodiment of" the. invention; 
Fig. 8 is a block diagram, to show the configuration . 

, ; . . of a third embodiment o f f the invention; , , 

Fig. 9 is a. block diagram to show the 'configuration 

of a fourth embodiment of the invention; . 

Fig. 1 0 is a block diagram to show the configuration 

of a fifth embodiment, of. the invention; 

Fig. 11 is a block diagram to show the configuration 

of, a sixth embodiment of the invention; , 

Fig. 1 2 is a block diagram to show the configuration 

of a seventh embodiment of the invention; 

Fig. 1 3 is a block diagram to show the configuration 

of item-by-item image quality prediction means of 

the seventh embodiment of the invention; 

Fig. 14 is a block diagram to show the configuration 



of image quality prediction means in Fig. 13; 
Fig 1 5 is a block diagram to show the configuration 
of input image property input means in Fig. 13; 
Fig. 1 6 is a block diagram toshow the configuration 

5 of image output property input means in Fig. 13; 

Fig. 1 7 is "a block diagram to show the configuration 
of image coding property input means in Fig. 13; 
Fig. 1 8 is a block diagram to show the configuration 
of an eighth embodiment of the invention; 

10 Fig. 19 is a block diagram to show the configuration 
" of item -by -it em image quality control method deter- 
mination means of the eighth embodiment of the in- 
vention: 

Fig. 20 is a block diagram to show the configuration 
*5 "of image quality control method determination 
means in Fig. 19; .. . ' 

Fig. 21 is a block diagram to show the configuration 
, of input image property input means in Fig. .19; 
Fig! 22 is a block diagram i to show the configuration 
20 pf a ninth embodiment of the invention; 

Fig. 23 is a block diagramed show the configuration 
of an input image edge business effect degree de- 
termination circuit of the ninth' embodiment of the 
invention; 

25 Fig. 24. is an illustration .to explain ajine width de- 
tection circuit in Fig." 23; ; " : v ; '"- 

Fig. 25 is an illustration to explain^an edge business 
degree determination circuit of the ninth embodi- 
ment of the invention; ' . , 

30 Fig. 26 is an illustration to explain ah item-by-item 
image quality space of the ninth embodiment of .the 
invention; 

Fig. 27 is an illustration to explain an output device 
" edge business effect degree determination circuit 
, 35 6f the ninth embodiment bf the invention'; 

Fig. 28. is a block diagram id show the configuration 
of the output device edge business effect degree 
determination circuit of the ninth embodiment of the 
invention; *'' ; y. 
40 Fig. 29' is.a block diagram'io show the configuration 
" ' of a coding system edge business effect degree de- 
termination circuit of the ninth emb^irnent pf the 

.' _ .invention;" \yy. ^" ; ,y.y'.'Z...-^,.^ r S" }l 
F ig. 30 is a block diagram to show ftW coiil figuration 

4S . . . of the edge business degree determination circuit 
of the ninth embodiment of the invention; . - 
F ig. 3 1 is a block diagram "to , show the configu ration 
of an eleventh embodiment of the invention; 
Fig. 32 is a block diagram to show the configuration 

so ' of an input image edge business effect degree de- 
termination circuit of the eleventh embodiment of 
the invention; , 

Fig. 33 is a block diagramto show the configuration 
of a twelfth embodiment of the invention; 
55 Fig. 34 is a block diagram to show the configuration 
. of a thirteenth embodiment 'of the invention; 
Fig. 35 is an illustration to show an edge business 
control. method determination circuit of the thir- 
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, Jeenlh embodiment of the invention; 

Fig. 36 is an illustration to show the edge business 

...control method determination circuit of the thir- 
teenth embodiment of the invention; ' 
,Fig ; 37 is an "illustration to. explain an item-by-item 
/image quality space of the thirteenth' embodiment 
of the invention; 

Fig. 38'is.an illustration to explain prediction coding 
in a thirteenth embodiment of the invention; , 
Fig. 38 is an ill u st rat i on to/exp la i n p red ictjdn cod i n g 
in the thirteenth embodiment of the. invent ion; 
Fig. 40 is a block diagram'to explain an eighteenth 
embodiment of .the invention; 
. |( Fig." 41 -is an illustration to show an environment ex- 
ample to which the invention' is applied; 
. Fig. 42 is a block diagram to explain a conventional 
example; 

Fig. 43 is a "block diagram to explain a conventional 
example;, ... ' , \ ... 
Fig. 44 is a block diagram tpexplain a conventional 
.example; ,and . 

Fig. 45 is an illustration to explain a subjective eval- 
uation experiment. 

DETAILED DESCRIPTION 6 F THE PREFERRED 
EMBODIMENTS . . ^ "~ l ( . 

Referring now to the accompanying drawings, there 
^ are shown preferred embodiments of the invention. 

' (Embodiment 1) 

^ ... . J, irnage" quality^ generally depends on the prop- 
'e riles of an input I mage"' an image out p ut' dey i c e , and 
ap, image ceding system. An image quality prediction 
^'system of a first embodiment of the invention predicts 
1'the image quality on a . space converted into values in- 
' dependent of the properties. To^provide the space inde- 
pendent of input/output of an image or the coding sys- , 
. tern, the image quality is'diyided into image quality deg- 
..radation items? The image quality or image quality deg- 
radation for the image quality evaluation or image qual- 
ity, degradation evaluation items of an image also in- 
^ eludes objective evaluation image quality^ values that 
" can be measured as'physical amounts in addition to the 
„ .yajues of jhe .subjective eyafuat ion image quality 1elt by 
' '*" the*obserye*r for the blur, edge business, etc., of the im- 

,.. a 9 e 7 V'. ■ 

c .- . _ Jhe first embodiment will be discussed with refer- 

,~ ence.tb Figs. 1 , 2, and 3. 

Fig"'l shows "the image quality prediction system of 
the first embodiment as a whole. In Fig. 1 , the image 
quality prediction system' consists of a plurality of item- 
by- item image" quality predict ion niean s 1 0 1 a - 1 0 1 n and 
total image quality prediction means 1 02. The corre- 
sponding input irnage property 103, image output prop- 
erty 104; and image coding 'property' 105 are input to 
" each of the item" -by-item image quality prediction means 



I0la-I0ln. each of which then predicts the image qual- 
ity by item based on the corresponding input image 
property 103 ; image output property 104, and image 
coding property 105 and outputs item-by-item predicted 
5 image quality 106a-106n. The total image quality pre- 
diction means 1 02 outputs total image quality 1 07 based 
on The item-by- item predicted image qualities 106a- 
I06n. 

' Fig. 2 shows the configuration of the item-by-item 

io image quality prediction means 101 (I01a-101n). In the 
figure, the item-by-item image quality prediction means 
101 consists of input image property space placement 
means 108 ; image' output properly space placement 
mean's 109, 'irriag'e coding property space placement 

15 means 110, arid image quality prediction means 111. 
the input image property space placement means 108, 
the image output property space placement means 1 09, 
and the image coding property space placement means 
110 calculate and output an input image propertyintra- 

20 space position 112, an image output property intra- 
spae'e position 1 13, and an image coding property intra- 
space position 114, respectively, based on'the input im- 
age property 103, the image output property 104, and 
The image coding property 105. The image quality pre- 

25 diction means 1 1 1 outputs item-by-item predicted irnage 
quality 106 based on the input image property intra- 
space position 11 2f- the image output property intra- 
space position 113, and the image coding property intra- 
space position 114. 

so Fig. 3 illustrates an input image property space, an 

' ' image : 'output . property ' spaceV'and a n irnage coding 
property space by Image quality degradation item: For 
" si m pi tcrty, Fig. ! 3 assumes that each space is one dimen- 
sion. . ' ' " "* ' * ' ' ' ' " 

35 " ih Figs. 1 and L 2, the input image property 1 03 indi- 
cating easy occurrence of image degradation for each 
of image degradation items of block distortion, blur, etc. , 
is input to the inp'Ut'Mrnage property; space placement 
means' 1 08, which then places the input image property 

to in the point of the input irnage property in Fig. 3and out- 
"puts'the i hp ut image property intr'a-space position 112. 
The input image property 103 is^the edge" amount, signal 
' power at one frequency? etc!, for example. 1 

Likewise, ihe image output property 104 and the im- 

45 °age coding property 105 ! are also placed in the image 
output property space and the image coding property 
' space 'as easy occurrence of image quality degradation 
with respect to the sight sense for each image degrada- 
' tion item, and the image output property intra -space po- 

50 sition 113andthe image coding property intra-space po- 
sition 1*14 are output. The'image output property 104 is 
printer output resolution, etc., for example. The image 
" coding property" 105 is a DCT coefficient quantization 
matrix, etc., for example. 

55 The input image property space, the image output 
property space, and the" image coding property space 
are taken so'as to be contiguous with each other. 
1 Assuming that the number of dimensions of the in- 
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put image property space is A, that that of the image 
output property space is B, and that that of the image 
coding property space is C, an (A+B+C) dimensional 
space with the spaces as partial spaces can be put. The 
image quality can be measured for each point in the 
space. Hereinafter the (A+B+C) dimensional space will 
be called item-by-item image quality space. 

The image quality prediction means 1 1 1 predicts im- 
age quality values by item and outputs item-by-ritem pre- 
dicted image quality 106. That is,. the image quality on 
the lattice points in the item-by: item image quality space 
in Fig. 3 is previously measured.; The. input image prop- 
erty space, the image, output property space, and the 
image coding property space, which are defined as easy 
occurrence of image degradation of the corresponding 
image degradation items,. do not depend on the input 
image, irnage output means, orjmage coding system. 
Since the_ input image, property space, the image output 
property space, and the image coding property space 
are contiguous with each other, the image quality in the 
item-by-item image quality space is assumed to be con- 
tinuous, and thejmage quality evaluation values on the 
lattice points previously measured are used to predict 
the image quality. ... 

The image quality is classified into items, whereby 
the number of dimensions of the item-by-item image 
quality space can be decreased., 

The item-by-item predicted image quajity 106 thus 
provided is input to the total image quality prediction 
: means 102 for .finding the total image .quality ,107. 

The property of- an .in put irnage .may be determined 
by the property of t an image input machine,, such.asap- 
e rtu re information of A an input camera. It .mayrbe, found 
by analyzing the input,image : for example,, the edge 
amount, signal power at .a predetermined frequency, 
r etc.. , may- be analyzed. , 

To previously measure the image quality in the item- 
-by-item image : quality space, the number of.measure- 
. .ment points should be lessened as ; much as. possible. 
.Thus, the. number of dimensions of each of the input im- , 
age property space, the image output property space, 
and the image coding, property space should be less- 
ened, as much as possible: - *...-.;- 

The image degradation items should be finely diyid- 
ed so thatthe number of dimensions of each of the input 
image property space,, the image output property space, 
and the image coding property space is set to one. In 
doing so, previous subjective evaluation is facilitated. 
For example, the image degradation items are meas- 
ured for each density value of an image, whereby the y, 
number of dimensions of each space can be decreased. 

The total image quajity prediction means 102 can 
use the minimum value or the linear sum of the item-by- 
item predicted image qualities 106 as the total image 
quality ,107. ... 

The image output property also includes image out- 
put resolution and the number of gray levels.. Information 
concerning an output device, such as the type or iden- 



tification information of the output device, may be en- 
tered as the image output property to indirectly specify 
the image output property, the output device types con- 
tain a xerographic printer, a'sitver salt photo printer, an 
5 offset printer, a CRT display an LCD display, etc. The 
output. device identification information contains the de- 
vice names, the device numbers assigned by the man- 
ufacturers. 

io (Embodiment 2) 

Next, a second embodiment of the. invention will be 
discussed. Ip the first embodiment, the image quality of 
an o.utput.image is predicted f rom.the .input image prop- 
's erty, the image output property, and.the. image coding 
property. In the second embodiment, the relationship 
between the image quality of an output image and image 
coding parameters is predicted from. the input image 
property, the.image output property and trie irnage cod- 
20 jng property from which image coding parameters are 
removed, thereby enabling coding in the specified im- 
age quality. 

The second embodiment will be discussed with ref- 
erence to Figs. 4, 5, .6, and 7. Fig.. 4 shows an image 

25 quality control system of the second embodiment as a 
whole. Parts identical with or similar to those previously 
described with reference.. to Fig : i are denoted by the 
same reference numerals in Fig', 4. In Fig. 4, the image 
quality. control system consists of a plurality of rtem-^by- 

30 iterji image quality control methpd.det erminat ipn means 
0 121 1 a-1 21 n. and total image, quality controi means J 22. 
The ,cor res ponding in p ul . i mag e, : g rop e riy _ 1 03, \ ima g e 
output property 104, and imaged ceding property 105 
(from which coding parameters are removed) are input 

3S , tp each of. the item-by-item image quality control method 
determination means i 2-1 a-1 2 1n, .each! of .which then 
.outputs image control method 1 23a- 123n. based on the 
corresponding input image property 1 03, image output 
property 1 04, and image codung property i 0$. The total 

,40 ^.image quality control means 122 determines,. and out- 
puts a total coding parameter 124 based on the.image 
cont rol m ethods .1 23a-,1 2 3n ; . , . ; ■ « ; 

.r;. : , Fig. 5 shows the configuration of the, item-by-item 
image quality control method determination. means 121 

45 , .(1 21 a-1 21 n). Parts identical with.orsimilar to those pre- 
viously described with reference to Fig." 2 are denoted 
by the same reference numerals in. Fig. 5. In Fig. 5, the 
item-by-item image quajity control method determina- 
tion means 1 21 consists,of input image property space 

so placement means 108, .image. output property, space 
placement means 1.09, image, coding property space 
placement means 110, and image quality control meth- 
od determination means. 125, The input. image property 
, space placement means 1.08. the image output property 

55 space placement means 109, and the image coding 
property space placement means 1 1 0 calculate and out- 
,put an input image property intra-space position 11 2, an 
image output property intra-space position 113, and an 
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jmage coding property intra-space position 114, respec- 
tively, based on the input image property 103, the image 
output" property 104, and the image coding property 105. 
The' image quality control method determination means 
121 outputs image quality control method 123 based on 
the input' image property intra-space position 112, : the 
image output property intra-space position 113, and the 
image coding property intra-space position 114. 

As shown in Fig. 6, the image coding property from 
which some image coding parameters are removed, the 
input image property, and the image output property 1 04 
aire placed in an it em -by- item image quality space, Here, 
the' itenrvby-item image quality space shows the rela- 
tionship between the coding parameters and the image 
quality, as shown in Fig. 7. 

The total image quality control means 122 finds a 
"coding parameter to enable desired ima r ge quality to be 
provided for each image quality degradation item and 
finds a coding pa rarneter to enable desired image qual- 
ity to be provided on the whole: • 

Also in the second embodiment, the property of an 
input image may be determined by the property of an 
image input math in e, such as aperture information of 
an input camera. It : may be found by analyzing the input 
image! For example, the edge amount signal power at 
' a predeieVmined' frequency, eta.,' may be analyzed. 

To previously measure 1 theimage quality in the item- 
' by-item' image quality spate, the number of measure- 
ment points should be" lessened as much as possible. 
'^Thus. the 1 nu'mbiBroY'^me'nsions'of each of the input im- 
age r 'p?ppeiiy , sp'a > c'e , f the' image output property space, 
f H^nd thV image ^cod iri§ { p' rope rty space' should be less - 
\) ene'd a smu ctV ! aV fto r s s ib le . ' * ' 

' 1 The image' degradation items should be finely divid- 
: ' ' ed'so that the numberof dimensions'df "e'acrVbf the^input 
[ i mage p f ope rty s pac e , th eimag e outp ut p rop e rt y s pace , 
; and the image" coding property' space is set to one. In 
Jl Hdoihgi'so,' previous subjective evaluation is facilitated. 
'For example,' the image'- degradation items are meas- 
ured for ea'ch ,: density value of an image, whereby the 
numberof dimensions 6t each' space can be decreased. 
The total image quality control 7 means 122 may 
r /"adopt a coding parameter' for mtn imizing'tKe compres- 
' " si'orf ra'tib' amohg t'h^ coding parameters satisfying the 
" ' 'desired Nmage_ (quality as the final coding parameter 
^' } based bh'the relationship Between the image quality and 
' :;, trfe coding parameters/ 

' The imad^e output property also includes image out- 
OL i put resolution arid the number of gray levels. Information 
concern ih'g an output device, such as the type or iden- 
^ificatiotf information of the output device.' may be en- 
' ' tered as the image' output property Ho' indirectly specify 
' "the image output property. The output device types con- 
,; tain a xerographic prihter.-a silver salVphbto printer, an 
il offset pririter; s a CRT display, ah LCD display, etc. The 
6 : uiput''device identification information contains the "de- 
' ' vice names;the device numbers' assigned by the man- 
ufacturers. " 



(Embodiment 3) 

A third embodiment of the invention' provides an im- 
age coding system that can control the' image quality 

5 when an image output device changes. 

Fig.'- 8 shows the configuration' of the third embodi- 
ment. In the figure, numeral 131 is an input image, nu- 
meral 1 32 is image division means for dividing the input 
image 131 Into blocks, numeral 133 is conversion 

io means for converting the divided image, humeral 1 34 is 
a'conversion coefficient, numeral 135' is quantization 
means : for quantizing the conversion coefficient- 1 34, nu- 
meral"! 36 is coding means for coding thequantized con- 
version-coefficient, humeral 137 is a code, numeral 138 

is is image analysis means for analyzing the divided image 
and outputting an input image property, numeral 139 is 
ah input image property, "'numeral 1 40 is : quaritization se- 
lection means, numeral 14 Vis a selected quantization 
method', numeral 142 is image ; output property output 

20 means, and numeral 143 r is an image output' property. 

The input image 131 is- divided into blocks by the 
: image division means 132 and converted into the con- 
Version coefficient 134 by the conversion meahs-133r 
Further, the image divided into blocks is analyzed by the 

25 image analysis means 1 38 and sent to the quantization 
selection means 140 as the input image property 139. 
Further, the image output property output means 142 
- outputs the image outpUt property 143 1b the quantiza- 
tion selection means 140' fl 

' 30 The quanYtza^orY select ion means 1 40 consists of 

v ' lYerrvB^Kem' i'r^g^"^'ualHy -control -method determina : 
' : tic#meahs- 121 arid total image qua I rty 1 control means* 
: " : S^2 ih 'FigJ'^'andVelecfs a quantization method of a cod$- 
*" iftg parameter p rbv id in g predetermined image quality. 

35 - 1 -the quantization' means 1 35 quantizes the conver- 
sion coefficient 1 34 by the selected^uantization method 
•and the coding means 1 36 outputs code 1 37; 
:■ -ovr j ne convers j on means 1 33 can adopt a prediction 
method of predicting a coding pixel value from discrete 

"40 'cosine transform or pixel values in the prbximity.-for ex- 
* ample. " ■ r ■" '- : ~ r ' 

'The effective number "of gray levels or output fre- 
quency characteristic can be used as the image output 
property 143' ;: ' r '~ 

'45 - " ' "the image analysis means 138 detects the line 
width 'and power spectrum of an input image, for exam- 
! pie: " ; 

'(Embodiment 4) 

so- ' 

A fourth ' embodiment of the invention provides an 
image coding system that can control the image quality 
when' the image coding property changes. Fig. 9 shows 
: the configuration of the fourth embodiment: In the em- 

ss bodiment, image coding property output means 1 44 out- 
puts an image coding property 145 and a quantization 
method is determined based on the image coding prop- 
erty 145. The fourth embodiment is the same as the third 
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embodiment except that the image output property out- 
put means 142 in Fig. 8 becomes the image coding 
property output means 144 or that the image output 
properly 1 43 in Fig. 6 changes to the image coding prop- 
erty 145, and will.not be discussed again in detail. 

(Embodiment ,5) 

A fifth embodiment of the invention provides a spe- 
cific configuration, of the image prediction means 111 of 
the first embodiment. Fig. .1 0 shows a configuration ex- 

. ample of the fifth embodiment, jn the figure.. nurneral 146 
is address calculation means, .numeral 147 is an ad- 
dress, and numeral 1,48 is image storage means. Image 
quality. is stored in the. image storage means 148. The 

■ address 147 at which. the image quality is stored can be 
found from ap input image property intra-space position 
112, an image output property intra-space position 113, 
and an image coding property : intra-space position 114. 
The address calculation means 146 calculates the ad- , 
dress 1 47 and sends it to the image storage means 1 48, 
which then, outputs predicted. image quality 106 corre- 
sponding to the address 147. , , ( . 

(Embodiment 6) 

.-A sixth embodiment of the, invention provides a spe- 
cific configuration of the image quality control method 
determination means 125 of the second, enabodiment. 

u , Fig.,1 1 shows a configuration example of jhe sixth em- ;r 
bodiment.. In - the figure, numeral : 1. 4 9 is, image quality 
control method storage means.;, Although f the.. in^age 
•quality storage means-1,48 jn ( Fig. .1 Q.outputs. the pre- 
- dieted image quality 3 06, .the imagequal ity, control rpeth- 
; od storage means 149 in Fig. 11 outputs an image ,quak v 

... ity, control method 123. .. , - . - . , .; .- 

-. ;(E mbodiment .7) : . ^. . -.. , , - ... 

Next, an ..image quality prediction system of a sev- : 
:. enth embodiment of. the invention will be. discussed,. Fig. 

1 2 shows the image quality prediction system of the.sev- 
- enth embodiment as a whole. Fig. 1 3 shows the config- 
uration of item-by-item image quality prediction means 
162. In Figs. 12 and 13, numeral 152 is input image, 
property input means, numeral 153 is an input image 
property, numeral 155 is image output property input 
. means, numeral 156 is an image output property, nu- 
meral 158 is image .coding property input means, nu- 
meral 159 is an image coding property, nunneral 160 is 
image quality prediction means, numeral 161 is predict- 
ed item-by-item image quality,. numeral 162 is item-by- 
item image quality prediction means, numeral 163 is to- 
tal image quality prediction means, and numeral 164 is 
predicted image quality. , . 

Fig. 1 4 shows the configuration of the image quality 
prediction means. In the figure, numeral 171 is image 
quality storage means, numeral 172 is stored image 



quality, numeral 173 is an address in the image quality 
storage means, and numeral 174 is image quality cal- 
culation means. ... 

Fig. 15 shows the configuration of the input image 
5 property input means 152 ; In the figure, numeral 153 is 
an input image" property, numeral 181 is an input image, 
numeral 182 is image analysis means, numeral 183 is 
.an input image analysis result, and numeral 1 84 is input 
.. image quality effect degree calculation means. 
. 10 F'jg. 1 6 shows the configuration of the image output 

property input means 155. In the figure, numeral 156 is 
. an image output property, numeral 1 91 is an image out- 
put device state, numeral 1 92 is image output image 
quality effect degree storage means, numeral 193 is an 
is image output image quality effect degree, and numeral 
194 is jmage output image quality effect degree' calcu- 

, lation means. . . - . 

' . Fig. i 7 shows' the configuration of the image coding 
property input means 158! In the figure, numeral 159 is 
20 image coding property, numeral 201 is an image coding 
parameter state, numeral 202 is image coding image 
quality effect degree storage means, numeral 203 is an 
image coding image quality effect degree, and numeral 
204 is image coding, image quality effect degree calcu- 
25 lation means. 

Ref e r r i n g to F ig . , j 3, t h e in p ut \ ma g e p roperty 153 
is input through the input image property input .means 
152 to the image quality prediction means 160. The im- 
age output property 156 is input through the image out- 
30, put. propertyjnpul means ~i55 to the (image cjua I ity pre- 
diet ion means 1 60, Furthest fie image ^coding property 
",! t .'l.'59] . is )nput through the " image^cocfing pYoperty ; ' input 
.'.means' 158 to the image quality!" pre^ 
Thejmage quality prediction means 1 60 predicts image 
35, quality.by image quality degradation item from the input 
image property .1 53 : the. image qutpuf p rbrjerty i ! 56; and 
the image coding property 159 and putpuis the it e m -by- 
item image quality 161 , .The total image quality predic- 
;r .tion means. 163 predicts total J p,redicted "imag^quality 
40 j 64 based on one or more itemTfiy-.it'emlmage qualities. 

In the input image property inpuf means 152 in Fig. 

15, the image analysis 'means .182 anaiyzes'.the 'input 
image. 1 8 1 .^and ente rs, the input ; image analysts result 
.183 in the input imagequality effect . d eg re ejea leu lation 

45 t means 184, which then ; outputs, the Input) mage cfuality 
.. . effect degree' as the input image' property' 153/ ' 

In the image output property 'input means i 55 in Fig. 

1 6, the image output image quality effect degree storage 
means 192 enters the image output image" quality effect 

50 degree 1 93 in the image output image quality effect de- 
gree calculation means 1 94 once or more than once in 
accordance with the input image output device state, 
and the image output image qua)ity_effect degree calcu- 
lation means 194 outputs, a new calculated image output 

55 image quality effect degree f rom the one or more image 
output image quality effect'degrees as the image output 
property 156. - 

. In the image coding property input means 158 in 
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Fig. 17,. the image coding image quality effect degree 
storage means 202 enters the image coding image qual- 
ity .effect degree 203 in the image coding image quality 
effect degree calculation means 204 once or more than 
once in accordance with the input image coding param- 
et e r state 20 1 , a nd t h e ima ge cod i n g im a g e q ua i ity eff ect 
. degree calculation means 204 outputs a new calculated 
* image ceding image quality effect degree frdrh one or 
more image coding image quality effect degrees as the t 
Image coding property 159. 

In the image quality prediction means 160"' in Fig. 
i 4, the image quality calculation means i 74 calculates 
one or more addresses 1 73' seeming to be the nearest 
from, the input Jrriage property 153, the image output 
properly 156, arid the image coding property 159 and 
sends the one or more calculated addresses to the im- 
age quality storage means 171 , which then returns the 
image 'quality "l 72 to the. image quality' calculation 
means 174, which then calculates the image quality 161 . 
\. based on , the received image quality 172. 

(Embodiment 8) ".' L "' ; ".' 

Next, an image quality control system 'of an eighth 
, embodiment of the invention will be discussed. Fig. 18 
shows the" (mage qualify control system of the eighth 
embodiment as a whole.' Fig. 1 9 shows the configuration 
, ^of item-by-item image quality control method determi- 
1 nation means 222. In Figs. 18 and 19 : numeral 152 is 
*. jnput image prppertyMh put means, numeral 153' is 1 an 
l^Xhgu^ 155*ls image Output prop- 

' prty .'iD^PCn 1 ^^? 0,^,®T a ! ^56 is an image output prop- 
I'.^.'erly'^nume'rariSs is 1 image coding property input means, 
numeral l 59 js ah image coding property, numeral 211 
/."' is . desired .jniage _ quality input means, humeral 212 is 
desirea image quality, numeral 220 is image quality con- 
trdl rriethod deSe'rmihatioh. meahs, numeral 221 'is' an 
. jtem-by-itern image Quality control methodrnumerai222 
. ' is item : by-item image quality cdntrol method deterrhina- 
'' " ; ,tjoh means! 'numeral 223 is total image quality control'" 

.means, and numeral 224 i Ts a coding parameter. 
",l '.. \ Fig. 20 showihhe configuration of the image quality 
. control method determination means 2 20. In the figure, 
.''numeral 231 fe' 'image quality' control method storage 
f " means, numeral'232 is'a stored image quality control 
m ethod , n urri e rat 2 33 is a n add ress in then mage quality 
^ ' control method storage means 232, and numeral 234 is 
T ''. image quality controt method calculation means. 

' f'9- 21 "shows the configuration of the input image 
property^hput means'" 1 52 . f In *ih f e figure, numeral 152 is 
I " { input image property v input means! numeral 153 is an 
Tnputlrnage property, numeral 241 is an' image input de- 
' vice state; numerar242 : is input image quality effect de- 
'' gree storage means,' numeral 243 is r; arv input image 
~ quality effect degree, 'and numeral 244 is input image 
quality effect degree calculation 1 means. 

Referring to Figs. 18 and 19 : the input image prop- 
" erty 153 is input through' the ihput 'image property input 



means 152 to the image quality control method deter- 
mination means 220. The image output property 156 is 
input through the image output property input means 
155 to' the image quality control method determination 

5 means 220. Further, the image coding property 159 is 
input through the image coding property input means 
158 to the image quality controf method determination 
means 220. The image quality control method determi- 
"nation'means 220 determines an' image quality control 

10 method by image quality degradation item from the input 
image property i"53 : the image output property' 156,- and 
the image coding property 1 59 and outputs the item -by- 
item image quality con trormethdd 221 .' The total image 
cjuality control means' 223' determines a coding param- 

15 eter satisfying the desired image quality in each item- 
by-item*image Equality from each item-by-item image 
quality control method and desired^ image quality 212 
and further determines a coding 1 'parameter 164 satisfy- 
ing the total image quality. 1 'f ' ; 

£0 In the input image property input means 152 in Fig. 

T 21 , the input image quality eflect degree storage means 
242 enters the input image quality : eff ect degree 243 in 
the input image quality effect'degree calculation means 
244 once or more than once in accordance with the input 

25 image input device state 241 , and the input image qual- 
ity effect degree calculation means 244 outputs a new 
'calculated input image'quality effect degree from the 
orre'br more input image quality effect 1 degrees as the 
' image output property 156. 

30 - ' ' The image buiput property- input means 155 and the 
image - coding property input means i58 : are similar to. 
those' of the^seventh embodimeht/ •■'-'" '•'•< i 
■i :c; '- ' s | n ^h ; e image quality Vontral method determination 
" '"m'eanS 220 inTig.'20, the ima'ge quality control method 

35 1 ^'calculation means 234 calculates one or more address- 
es 233 seeming to be the nearest from the-input image 
property 153, the image output property 156, and the 
image coding property 159 and sends the one or more 
calculated addresses to the image quality control meth- 

40 ;-6d storage means 23V; which then returns- the image 
-'quality control method 232 to the image quality control 
' ; hrrethod calculation means 234, which then determines 
" ; 'the' image 'quality control'method 221 based on the re- 
r * ' ceived image quality control method 232. - 

4S : : " - k ' ' ■ ~ ■• 

: "(Embodiment 9) i; *-' 

......... . 

Next, a ninth embodiment" of the invention will be 
discussed. The ninth embodiment uses JPEG as a cod- 
si) -ing "system and analyzes" : an input image for each part 
■ for checking theproperty of the input-image. Two image 
■ quality degradation items of edge business and blur are 
" provided. An example will be discussed wherein easy 
occurrence (effect degree) of degradation tor each of 
ss the edge business and blur is mapped in one dimension 
for each of an output machine (printer), an image coding 
" system (quantization matrix), and an input image prop- 
erty. The edge business refers to jaggy distortion result- 
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ing from widening or narrowing the edge width. The blur 
refers to distortion viewed as a blur resulting from sup- 
pressing high-frequency signals. 

The ninth embodiment is characterized by the fact 
that when the printer type and a quantization matrix are 
input for one input block, the image quality when the in- 
put block is output to the printer is predicted. . 

Fig. 22 shows the ninth embodiment as a whole. In 
the figure : numeral 251., is an input image, numeral 252 
is a blocking circuit for blocking an input image, numeral 
253 is a DCT circuit for discrete cosine transforming the 

- image blocks, numeral 254 is a quantization circuit Jor 
quantizing a .DCT coefficient, numeral 255 is a coding 
circuit for. assigning a code to the quantized DTC coef- 
ficient, and numeral ,256* is code. Further, numeral 257 
is block image provided by blocking input image, numer- 
al 258 is an input. image edge business effect degree 
determination circuit for determining the edge business 
eff ect degree of the block image ,257 . numeral 259 is an 
input image bjur, effect degree determination circuit for 
determining the blur effect degree of the block image 
257, numeral 260 is an. input image edge business effect 
degree, numeral 261 is an input image f blur effect de- 
gree, numeral 262 is a printer performance input circuit 
for inputting. printer performance, numeral 263 is printer 
performance,, numeral 264 is an. output device edge 
business effect degree determination circuit jor deter- 

. mining an output device edge business effect degree, 
nunoeral 265 is an output device blur, effect degree s de- 
termination circuit. for determining an output. device. blur, 
effect .degree,; numeral 266 is , an ^output.- device, edge 

, busi n ess elf ect d eg r e e , n u me ra !, 267 is, a n output .dey.i ce 
,blur effect, degree,, numeral 268 is a.quantizatipn^matrrx 
input circuit :, for- entering , a quantization matrix, in. the 
quantization . circuit 254, numeral 269 .is a quantization . 
i- matrix, numeral 270 is a coding.system edge business 

. effect degree, determination circuit for determining. the 
effect degree, of a coding system on edge business,, nu- 
meral 271 is a coding system. blur effect degree deter- 
mination circuit for determining the effect. degree of a. 

. coding system on blur, numeral 272. is a coding system 

. edge business, effect degree, numeral 273 Js a. coding 
. i system blur. effect degree, numeral 274 is a quantization 

■ matrix, numeral J275-is an edge business degree.deter- 
mination circulator determining the amount of edge, bus i-, 
ness, one of image quality degradation items, numeral 
276 is a blur degree determination circuit for determining 
the amount of a blur, one ol image quality degradation 
items, numeral 277 is an edge business degree, numer- 
al 278 is a blur degree, numeral 279 is a total image 
quality determination circuit : for determining total image 
quality from the edge business degree and the blur de- 
gree, and numeral 280 is total image quality. 

Next, the operation of the ninth embodiment will be 
discussed. In Fig. 22, T an input image is coded by the 
operation similar to JPEG That is, the blocking circuit 
252 divides the input image 251 into 6X8 blocks and 
the DCT circuit 253 discrete cosine, transforms the 



blocks and outputs a DCT coefficient. The quantization 
circuit 254 quantizes the DCT coefficient and the coding 
circuit 255 assigns a code to the quantization result and 
outputs the code 256. The quantization matrix used with 
s the quantization circuit' 254 is input through the quanti- 
zation "matrix input circuit' 268. 

Further, in Fig. 22 : the block image 257 is input to 
u the input image edge business -effect degree determi- 
, ;i nation circuit 258 arid the input image blur effect degree 
io determination circuit 259. The operation of the input im- 
age edge business effect . degree determination circuit 
258 and the input image blur effect degree determina- 
tion circuit 259 will be discussed below. 

The input image edge business effect degree de- 
15 . termination circuit 258 determines how much easily the 
input block image produces edge business! The opera- 
£ tion of the input image, edge business effect degree de- 
termination circuit 258 will be discussed with reference 
^ to.Fig. 23. In the figure, numeral 29,1 is an edge detection 
20 circuit, numeral 292 is a binarization circuit, and numeral 
. 293 is a line width detection circuit.'The edge detection 
. circuit 291 determines whether or not the input block 257 
. contains an edge. II an edge is contained, the edge de- 
tection circuit 291 enters the input block 257 in the bi- 
25 narization circuit 292; if an edge is. not contained, the 
edge detection circuit 291 outputs the edge business ef- 
, . feet degree 260 as. the lowest value. If a signal of the 
input block 257 is greater than a predetermined thresh- 
..old value, the. binarization circuit 292 sets the signal to 
so . 1; if a signal of the input block 25^ is less than the pre- 
, , . determined threshold value, the binar cation circuit 292 
^ sets the signal to 0. As shown Jn/Fjc£^^ 
.. ..detection circuit 292 detects the minimum width among 
pixels. set to ( 1 in the longitudinal,, lateral, and diagonal 
35 directions as the line width! and outputs, the line" width 
as the edge business effect degree, 260. . 

Likewise, the input, image blu r. effect" degree deter- 
, mination circuit 259,also detects theJine width in the in- 
put block 257 and outputs the line width' as the input 
40-jrnage t blur effect degree. 261 ! r " . \ 

Here, the input image edge business effect degree 
determination circuit 258 and the, input image blur eff ect 
t degree determination circuit 259. are the same jh oper- 
. , ation, but may not necessarily be the same in operation. 
45 . , Further, we continues ; to discuss .the , operation in 
Fig. 22. In the figure, printer performance used for image 
.^ output is input through the printer performance input cir- 
.„ cuil 262. Here,, the resolution and the number' of gray 
, levels of a printer are input. 
5p t The output device edge. business effect .degree de- 
. termination, circuit 264 determines how much easily 
edge business occurs visually Jor the input resolution 
and the input number of grayJeyels of the printer, and 
outputs the determination .as the .output device edge 
55 business effect degree 266. .Subjective evaluation is 
previously executed on a. standard jmage for a plurality 
of types of printers different in, resolution or number of 
grays levels. The subjective evaluation value matching 
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the resolution and the number of "gray levels is used as 
the output device edge business effect degree 256. For 
example, ah" MOS' evaluation value can be used for the 
*subjecKve ( evaluation value! A table, for example, as 
shown in Fig. 27 '. is provided wherein if the resolution 
and the number of gray levels "a re determined, the out- 
put device edge business effect degree 266 is found._ 
Then, the' resolution and the number of gray levels of a 
hew printer are input, whereby the output device edge t 
, business effect degree can be found. 
'[ The operation of the output device edge business 
effeci degree 'determination circuit 264 will be discussed 
with reference to Fig. 28. In the figure, numeral 301 is 
resolution information of a printer, numeral 302 is 
numbeV-bf-gray-level information of a printer, 'numeral 
303 is an address calculation circuit, numeral 304 is an 
address, humeral 305 is an edge business effect degree 
"memory, humeral 306 is an edge business effect de- 
gree, arid numeral 307 isarie'dg'e business effeci de- 
gree calculation/circuit. The address calculation circuit 
! 303 calculates, and outputs the address 304 bUhe edge 
business, effect degree memory 305 from the resolution 
information" 'of printer 3u 1 arid trie number -of -gray -level 
triformatidn of printer 302 input as the printer perform- 
] ance 263. The cdgc busincss effect degree memory 305 
outputs the edge business effect degree 306 in accord- 
ant with the 'value of the address 304. The edge busi- 
r "ness effect "degree calculation circuit 307 outputs the 
' output 'device"eQge business e'tf ect degree 266 from the 
Rvalue of 'trie' 'edge business 'effect degree 306. If the ad- 
s ' dress calc^ulSfjoacjrcuit 303 can uniquely deteVnriihe the 
: ; '"address' 3^4^ information of printer 

'' 30 1 1 'an til he n urn fie r -of - g r ay - 1 e v e 1 i n } ormat io ; n 'of ' p ririte r 
3'02^, ihe'e'dge business effect degree calculation 1 circuit 
* ' 367'does hotcalcalate i the edge business effect degree 
and outputs the edge business effect degree 306 output 
f rorn'the edge business effect ddgree memory 305 intact 
as tnVdu'tput. device edge business effect degree 266. 
if trie address calculation circuit 303 cannot uniquely de- 
termine the address 304 \ the edge business effect de-" 
"" gree'cafculatjon circuit 3^7 outputs the interpolation and 
" calculattbn' result of 'the values of the edge business ef- 
" fe'cVdegrees' 306 output from the edge business : effect 
"'"decree memory 305 in accordance with the addresses^ 
' 1! '304" as" the output device edge business effect" 1 degree 

" " J j! ■'Referring'agalh to Tig. 22/ likewise, the output de- 
vice blur effeeVdegree determinalioncircuit 265 deter- 
. mines how much easily a ! 'brur occurs visually for the in- 
~~'put resolution and the input number of gray levels of the 
' "printer, and outputs the'determination as the output de- 
' r vice' blur effect degree 267'.' Subjective evaluation' is pre- 
" vidusly executed dn a standard image for a plurality of 
types of printers different iri resolution or number of 'gray 
/levels. The 'subjective "evaluation value matching the 
resolution and the hurtib'enof gray levels is' used as the 
output device blur effect degre ! e. For exarnpie, an MOS 
* : evaluation valuVcan be used for the subjective evalua- 



tion value. 

Further, the quantization matrix input circuit 26S en- 
ters the quantization matrix 274 in the quantization cir- 
cuit 254 and the coding system edge business effect de- 
5 gree determination circuit. 

The coding system edge business effect degree de- 
termination circuit '270 determines how much easily 
edge' business occurs' visually for the input quantization 
" matrix, and outputs the determination as the coding sys- 
10 - tern edge business effect degree 272. Subjective eval- 
uation is previously executed on a standard-image and 
a standard print with/various quantization matrixes. The 
subjective evaluation Value is used as the coding sys- 
tem edge business effect degree. For example, an MOS 
*5 evaluation value can be used for the 'subjective evalua- 
tion value. ■ ' ' ' ,: 1 

" The operation of the coding system edge business 

■ effect degree determination circuit 270 will be discussed 
with reference' to Fig/29. r lrf the figure, numeral 311' is 

20 '■ an address calculation circuit, numeral 312 is an ad- 
dress, numeral 313 is an edge business effect degree 
memory, numeral 314 is an edge business effect de- 
gree, and numeral 315 is an edge business effect* de- 
gree calculation circuit. The address calculation circuit 

25 31 1 calculates and outputs the address 31 2 of the edge 
business effect degree memory 313 from the quantiza- 
tion matrix 269. The edge business effect degree mem- 

■ ory 31 3 outputs the edge business effect degree 31 4 in 
accbrda nee' with th'e value of the address 31 2. The edge 

30 ' 'business effect degree' calculation circuit 315 outputs 
- th© s cc#tng ! • systerrV : "edge business effect degree 272 
" from the value ? 6\ the' edge business effect- degree 314. 
" '■ W the Address calctffatioh circuit 31 ican uniquely deter- 
' hri iin e v the address' 3T2H'rom the quantization- matrix 269, 
35' the edge' business effect degree calculation circuit 315 
does hot calculate 1 fhe edge business effect degree' and 
outputs the edge business effect degree 3T4 output 
r fr6rn1he ; edge business effect degree mehrtbry 31 3 intact 
,: -'as i trie "coding system edge business effect degree 272. 
to'- if the' address calculation circuit 311 cannot uniquely de- 
termine 1 1he address 312', the edge ; busihess effect de- 
' ei 'gree calculation circuit 31 5 : 6utputs the interpolation and 
: calculation result of the values of the edge business ef- 

■ ■ f ect c degrees 314 output from the edge business effect 
45 degree memory 31 3 'in accordance' with the addresses 

:, " : 31 2 as the coding system edge business effect degree 

--: - 272. - • 

* Referring again to Fig. 22, the coding system blur 
" effect degree determination circuit 271 determines how 
50 much easily'a blur occurs visually for the input quanti- 
- : zatio'n matrix! and outputs the determination as the cod- 
'-' ingsystem'blur evfect degree 273. Subjective evaluation 
is previously executed on a standard image and a stand- 
ard printer with various quantization matrixes. The sub- 
55 jective evaluation value is used as the coding system 
blur effect degree. For example, an MOS evaluation val- 
ue can be used for the subjective evaluation value. 
Next, the input image edge business effect degree 
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260, the output device edge business effect degree 266, 
and the codjng system edge business effect degree 272 
for the input block 257 are input to the edge business 
degree determination circuit 275. / 

The edge business degree. determination circuit 
275 will be discussed with relerence to Fig , 25. As 
shown here, spatial, points consisting of three dimen- 
sions of the input image edge business, effect degree, 
jthe output device edge business effect degree, andtfpe 
coding system, edge business effect degree are speci- 
fied from the input image .edge business effect degree 
260, the output device edge business effect degree 266, 
and. the coding system edge. business effect degree 
272. The points address, a memory storing the edge 
business degrees: The edge, business degrees at the 
points are previously found from a subjective evaluation 
experiment and are stored at the addresses of the mem- 
ory.. By referencing the memory, the, subjective evalua- 
tion value of, edge business when the input block 257 is 
coded with a specified quantization matrix and is output 
on a specified printer is predicted and is output as the 
edge business degree 277. |J the edge business degree 
at the point is not previously found by experiment, it can 
be found by linear interpolation of near edge business 
degrees. 

Fig. 26 shows and Table 1 lists the experiment re- 
sults of actualmeasurement of the image quaJity, in item- 
by-item image quality space. . . ,. 
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In Fig. 26, two types, of printers (printers 1 and 2) 
. are used as standard printers for measuring image qual- 
: ity. Three types of quantization matrixes (systems 1, 2, 
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and 3) are used as quantization matrixes. Further, three 
types of. input image line widths (line widths 1 , 2, and 3) 
are used as input image edge business effect degrees. 
The edge business degrees of 18 lattice points of 2 X 3 
X 3 in total that can be specified witf) the three axes are 
found by a : subjective evaluation experiment. Table 1 
lists the measurement results of the image quality at the 
lattice points. ; -' " 

To. printout on any other printer than the printer 1 
or 2. the same method as mapping the printers 1 and 2 
on the'igraph of Fig. 26 is used lor' mapping on output 
device' edge business effect degree axes of item-by- 
item image quality space. The input image line widths 
are also mapped on' input image edge business effect 
degree axes: Further, to code ; with a new quantization 
matrix, mapping is executed on image coding edge busi- 
ness effect degree axes on a similar criterion to that for 
mapping SFl ; $F2, and SF3. ' [ 

Fqr example, Tibbie 1 is entered in a ROM or RAM 
as a lobk-up'table and lattice points are related to ROM 
oi RAM addresses, whereby, the jfable.rcan be refer- 
enced later, _ i 

Fig. 30 is a block diagram ! of the edge business de- 
gree determination. circuit. .In the" figure, numeral 321 is 
an address calculation ' circuit' numeral 322 is an ad- 
dress, and numeraf-323 is ah image quality memory. The 
tmagel quality contents;. in Table" ! are previously stored 
in the image quality memory 323. Assume that the print- 
er number given as an : output device edge business ef- 
fect dfegree 'is jP. that the i*ne width given as an input 
image jedge^ business. effect degree is L\ and that the 
qua ntjkatioajTjatrix- number given as a coding system 
edge business! effect degree is Q. At this time, the ad- 
dress for each number of the image qualjty memory 323 
can be defined as PX9+LX3+Q, for example. The image 
qua lit j( amounts in Table i'are stored atthe addresses. 

IriiFig. 30 5 4he input image edge business effect de- 
gree 260, the output device edge business effect degree 
266, |nd the coding system edge business effect de- 
gree 272 are input to the address calculation circuit 321 , 
which .then calculates the address 322 according to the 
same:palculat ion-technique as when stored in the image 
quality memory 323 and sends the address 322 to the 
image quality; memory 323, which then outputs the 
memory space contends addressed by the address 322 
as the edge business degree 277. 

Thus, points in--the item-by-item evaluation space 
of edge business for new printers, new input images, 
and new quantization matrixes can be found. Since the 
image quality is-already found at'fhe 18 points listed 
above, if the image quality at a ne;w point is not found, 
the linear sum of the ; image qualities at several near 
points already found -is ucsd as the edge business de- 
gree for the new printer, the new input image, and the 
new quantization matrix. 

' For example, assume that the edge business effect 
degree' of printer 1 is" A1 ,' that the edge business effect 
degree of printer 1 2 ''is A2, tharthe edge business effect 



degree of line width 1 is B1 , the edge business effect 
degree of line width 2 is B2, that the edge business effect 
degree of line width 3 is B3, that the edge business effect 
degree of system 1 is C1 , that the edge business effect 

s degree of system 2 is C2, and that the edge business 
effect degree of system 3 is C3.*Table 1 lists the image 
qualities when input, output, and image coding are per- 
formed for each 'edge business effect degree. Assume 
that the measurement result of the edge business effect" 

10 degree of a new printer is-(A1 4-A2)/2 and that the edge v 
business effect degree of hew output is B1 . To code with 
the system 1 , it is predicted that the image quality is an 
inter mediate value of the element of line width 1 , system 
"1 /printer 1 '(5.000) and the element of line width 1 , sys- 
'is tern 1, printer 2 (4.857)'in Table 1 1 . Then, assume that 
the measurement result of the edge business effect de- 
gree of the new printer is (AT+A2)/2 and that the edge 
business effect degree of new output is Bl . To code with 
the system 1, : it can be" predicted that the image quality 

20 is (5.000 + 4:857j/2 = 4 i ;9285; - 

If the image quality at a new point is not found, the 
image quality at the nearest point already found is used 
as the edge business degree for new printer, new input 
image, and new quantization matrix. In this case, the 

25 address calculation circuit 321 in Fig. 30 finds the near- 
est lattice point. 

Likewise, ihe blur degree in item-by-item image 
quality space of blur can be found by subjective evalu- 
ation. Table 2 lists the experiment results of image qual- 

30 ity measurement in the item-by-item image quality 
space for blur. The blur degree determination circuit 276- 
operates based on Table 2 and outputs the blur degree* 
278. 
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quality 280. 

The total image quality determination circuit 279 de- 
termines the edge business degree or blur degree, 
whichever is the larger in degradation, to be the total 
image quality. 

In the embodiment, subjective evaluation when the 
effect degrees for the image input means or input image 
portion, the image coding system and coding parameter, 
and the image output means are determined is previ- 
ously determined for each image, quality degradation 
item. Then, the effect degree of each image quality deg- 
radation item is measured for the image input means or 
input image portion, the effect degree of each image 
quality, degradation item is measured for the image cod- 
ing system and coding parameter, and the effect degree 
of , each image quality degradatiomtem is measured for 
the image output means, whereby the predication value 
of the subjective evaluation of each image quality deg- 
radation item can be found. . .. , 

Further, the whole image, quality evaluation value 
.can be found from the predication value of the subjective 
evaluation of each image quality degradation item. , 

Thus, subjective evaluation image quality can be 
predicted for a combination of an image input device or 
input image, an image.coding system, and an image out- 
put device and the image, quality, of a coded image can 
be guaranteed. , r , , . . . . 

(Embodiment 10) , . - ; , ... ; , 

_ , ri ln the ninth^ernbodiment, the total jr^age quality ;de- 
temriination circuit 279 determines Jhe . edge .business 
degree or blur degree, whichever js. the larger ,in degra- 
dation, to be the total image quality, but the invention is 
not limited to it. In a tenth embodiment of the invention, 
total image quality S is found as 



[Expression 1 1J- 



S =aA + bB 



Then, the edge business degree 277 and the blur 
degree 278 are sent to the total image quality, determi- 
nation circuit 279, which then outputs the total image 



i where A-is the edge business-degree and.B is the blur 
degree. The coefficients a an^b are previously defined. 
The tenth embodiment is the same aSjthe.ninth embod- 
iment in other components and therefore will not be dis- 
cussed again. ... nr .. v 

(Embodiment 11) . ■■ , ... -y - ; .. ; 

Next, an eleventh embodiment of the invention will 
be discussed. ~-*.,--o ,^ 

• -j, ln= Fig. 31 numeral 331 is an image input device 
state input circuit and:numeral 332 is an image input de- 
vice state. wCr . . s . 
, . Figs. 31 and 22 differ in that the input image edge 
business effect degree 260 and,the input image blur ef- 

- feet degree 261 are found from an input block in Fig. 22, 
whereas an input, image edge. business effect degree 
260 and an input image blur effect degree 261 are found 
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from the image input device state output by the image 
input device stale input circuit 331 in Fig. 31. 

* The operation 'of an input image edge business el- 
'feet degree determination circuit 258 in Fig. 31 will be 
discussed with reference to Fig. 32. In Fig. 32, numeral 5 
341 is an address calculation circuit, numeral 342 is an 
address; numeral 343 is an edge 1 business' effect degree 
memory, riumerai'344 is an edge business effect de- 
gree* and "humeral -345 is an edge' business effect de- 
gree calculation circuit. The address calculation circuit l Vo 
341 receives the image input device state' 332 and cal- 
culates and outputs the address 342 of the edge busi- 
ness effect degree memory 343. The edge business ef- 
fect degree memory 343 outputs the' edge business ef- 
fect degree 344 in "accordance with' the value of the ad- is 
dress 342. Trie edge business effect degree calculation 
circuit 345 outputs the input irnageedge business effect 
degree" 260 from the value of the edge bus iness 'effect 
degree 344. If the address^ calculation' circuit 341 'can 
•uniquely determine the address 342 from the image in- 20 
put device state'332, the edge business effect degree 
calculation circuit'345 does' nol calculate the edge busi- 
ness effect degree and outputs the edge business effect 
degree 344 output from Ihe'edge business effect degree 
memory 3^3 intact as the inptit Image 1 edge business 25 
effect degree 260. If the address catculat ion circuit 341 
cannot uniquely determine the address : 342, the edge 
business effect degree calculation circuit 345 outputs 
the interpolation and calculation result of the values of 
the edge business effect degrees 344 output from the 30 
edge bus iriesiefrecVdegVee memory 343 in accordance 
- w rth ; t lYe afddi'eSs hi- 33 2 "as ; the Vi p ut ima ge 'edge b'usi- 
ih ess ; effect' 'tie g reW ; 26& v ' ■ "* " • s ' • - - ' » • '•■ -a ' •'■ - ; 

'(EmbcdimenV l^y- ;: '' ■ 35 

- - ; ' .A i:- 

Next, a twelfth embodiment of the invention will be 
discussed., The ninth to eleventh embodiments are char- 
acterized by the fact that when the printer type and a 
quantization matrix are input for one input block, the im- ' *o 
r a'ge qUalfty : v^e"h' : tne' input "block is printed^ou^dn the 
'printer is 'predicted? In contrast, the twelfth embodiment 
? is'chaTa(itenzed : 'by'th'e fact that predicted image quality 
Is fed back info' a 'quantization matrix input circuit for pro- 
viding desired image quality. 45 

Fig. 33 shows the configuration of the twelfth em- 
bodiment. In the figure, numeral 351 is 'a quantization 
matrix generation circuit and numeral 352 is a quantiza- 
tion matrix: " ' ! -° '• ft ■ - 

When an input block 257 is coded, first the quanti- so 
zation matrix generation circuit 351 generates a first 
quantization matrix and' -sends the quantization matrix 
to a quantization matrix input circuit 268. Total image 
' quality "280 predicted with the quantization matrix is in- 
put to the quantization rha'trix generation circuit 351 . If 55 
the image quality is more than desired image quality the 
quantization matrix generation circuit 351 controls* the 
: quantization matrix so as to lower the image quality; if 



the image quality is less than desired image quality, the 
quantization matrix generation circuit 351 controls the 
quantization matrix so as to raise the image quality. 

Thus, an output image of desired image quality can 
be provided.. 

(Embodiment 13) 

Next, a thirteenth embodiment of the invention will 
be discussed. The embodiments we have discussed are 
provided for simply finding image quality or for control- 
ling inriage quality by feedback; the thirteenth embodi- 
ment is provided for controlling image quality by feed- 
forward ' ' 

In ; the thirteenth embodiment, a JPEG quantization 
matrix is broken down into a basic quantization matrix 
and a scaling factor. Assume that the quantization ma- 
trix can be represented by the product of the basic quan- 
tization matrix and the Scaling factor. 

Fig. 34 shows the configuration of the thirteenth em- 
bodiment. In the figure, numeral 371 is a basic quanti- 
zation 'matrix input circuit, numeral 361 is an edge busi- 
ness control method determination circuit, numeral 362 
is a blur control method determination circuit, numeral 
363 is an edge business control method, numeral 364 
is a blur control method, numeral 365 is a scaling factor 
determination circuit, numeral 366 is a scaling factor, nu- 
merals. 367 and 372 are basic quantization matrixes, 
and numeral 369 is a quantization matrix.. 

ln:Fig. 34, the basic^ quantization' matrix input circuit 
371 enters the pasic qu$ntiZQtion matrix 372 in a coding 
system edge b b sin ess effect d e g r e e de te r m t n at ion'c i r- 
cuit 27p and a poding system blur effect degree deter- 
mination circuit "271."-' j "if 

The operation of -the' edge business control method 
determination circuit 361 will be discussed with refer- 
ence t6 Fig. 35. As shown herejspatial points consisting 
of three dimensions of the input image edge business 
effect degree, the output device edge business effect 
degree, and the coding system ecige.business effect de- 
gree are specified from an input image edge business 
effect degree 260,. an output device. edge business ef- 
fect degree 266, and a coding system edge business 
effect degree 272. The points address a memory storing 
the relationship between the edge^business degrees 
and scaling factors. The relationship between the edge 
business degree and scaling factory's as shown in Fig. 
36. The relationship between the edge business degree 
and scaling factor at each point is previously found from 
a subjective evaluation I experiment and is stored at the 
address of the memory. By referencing the memory, the 
edge business control method 363 of the relationship 
between the subjective evaluation amount of one edge 
business and scaling factor can be found when the input 
block 257 is output on a specified printer with a specified 
'basic quantization matrix. If the relationship between the 
subjective evaluation amount of edge business and the 
scaling factor at the corresponding point is not previous- 



BNSDOCID: <EP 0827346A2_I_> 



21 



41 EP 0 827 346 A2 

ly found, the relationship between the subjective evalu- 
ation amount of edge business and the scaling factor at 
the nearest point already found is used. 

Fig. 37 shows and Tables 3 and 4 list the experiment 
results of actual measurement of the image quality in 5 
item-by-item image quality space. . 
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In Fig. 37, two types of printers (printers 1 and 2) 
are used as standard printers for measuring image qual- 
ity. Two types of quantization matrixes (basic quantiza- 



tion matrixes 1 and 2) are used as basic quantization 
matrixes. Further, three types of input image line widths 
(line widths 1, 2, and 3) are used as input image edge 
business effect degrees. The relationships between the 
edge business degrees and'scaling factors (SF1, SF2, 
and SF3) at 12 lattice points of 2 X 2 X 3 in total that can 
be specified with the three axes are found by a subjec- 
tive evaluation experiment. Table 3 lists the results with 
the basic quantization matrix 1 and Table 4 lists the re- 
sults with the basic quantization matrix 2. 

To print out on any other printer than the printer 1 
or 2, the same method as mapping the printers 1 and 2 
on the graph of Fig. 37 is used for mapping on output 
device edge business effect degree axes of item-by- 
item image quality space. 

The input image line widths are also mapped on in- 
put image edge business effect degree axes. Further, 
to code with a new quantization matrix, mapping is also 
executed on image coding edge business effect degree 
axes on a similar criterion to that for mapping the basic 
quantization matrixes 1 and 2. 

Thus, points in the item-by-item evaluation space 
of edge business for new printers, new input images, 
and new quantization matrixes can be found. Since the 
relationship between the image quality and scaling fac- 
tors is already found at the 12 points listed above, the 
relationship between the edge business degree and 
scaling factor at the nearest point among the already 
found points is uses as the relationship between the 
edge business degree and scaling factor for the new 
printer, the new input image, and the new basic quanti- 
zation matrix. ,*r 

For example, assume that the edge business effect 
degree of printer 1 is A1 , that the edge business effect 
degree of printer 2 is A2, that the edge business effect 
degree of line width 1 is B1 , the edge business effect 
degree of line width 2 is B2, that the edge business effect 
degree of line width 3 is B3, that the edge business effect 
degree of basic quantization matrix 1 is C1 , and that the 
edge business effect degree of basic quantization ma- 
trix 2 is C2. Table 3 lists the image qualities when input, 
output, and image coding are performed for each edge 
business effect degree. Assume that the measurement 
result of the edge business effect degree of a new printer 
is A1 , that the edge business effect degree of new output 
is Bl , and that the edge business effect degree of a new 
quantization matrix is C1 . In this case, it is predicted that 
the relationship between the scaling factor and the im- 
age quality is indicated by three elements including line 
width 1 and printer 1 in Table 3. The three elements rep- 
resent the scaling factor and edge business degree as 
shown in Fig. 36. Here, an example wherein the number 
of points is three is given; if the number of points is in- 
creased, more accurate edge business degree predic- 
tion is enabled. If the desired edge business degree is 
4. 1 43, SF2 may be selected for coding. 

Likewise, the relationship between the blur degree 
in item-by-item image quality space of blur and scaling 
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factor can be found by subjective evaluation. The blur 
control method determination circuit 362 can also find 
the blur control method 364. 

The scaling factor determination circuit 365 finds a 
scaling factor for setting a predetermined edge business s 
amount and a scaling factor for setting a predetermined 
blur amount, determines the scaling factor for making 
the image quality better between the.two scaling factors, 
and outputs the scaling factor 366. 

A multiplier 366 multiplies the basic quantization to 
matrix 367 by the , scaling factor 356 to generate the. 
quantization matrix 369 and sends the quantization ma- 
trix 359 to the quantization circuit 254, which then exe- 
cutes quantization with the quantization matrix 369 sent 
from the multiplier 368. . is 

. In the thirteenth embodiment,, the relationship be- 
tween .coding parameter and subjective evaluation val- 
ue when the effect degrees for the image input means 
or input image portion,, the image coding system, and 
the image output means are determined is previously 20 
determined for each image quality degradation jtem. 
Then, the effect degree of each image quality degrada- 
tion item is measured for the image input. means or input 
image portion, the effect degree of each image quality 
degradation item is measured for the image coding sys- 25 
tern, and the effect degree of each image quality degra- 
dation item is measured. for the image output means, 
whereby the relationship between the coding parameter 
and the predication value of the subjective evaluation of 
each image quality degradation item can be found. , , 30 

~ Further, -a . coding; parameter . satisf yipg ( .predeterr 
mined subjective evaluation image .quality can.be fpuhc^ 
.from the relationship between the coding parameter.and 
the predication value of the subjective ."evaluation .of 
each image quality degradation item. . . . < Li 35 

(Embodiment 14) .. ' .. ; 7' 

, -Next, a fourteenth embodiment of the invention will 
be discussed. In the first to.thirteenth embodiments >: .th'e 
image quality degradation items are edge business and 
blur,, but not limited .to.them. The following image quality 
degradation .items and the following input, image effect 
degree determination techniques and output device, ef r 
f eet degree determination techniques related to the im- 45 
age quality degradation items are available. . , n . ~ 

(1) Pseudo contour ," , . .. >v „ : - 

Input image effect degree determination technique: .so 
Prepares a frequency distribution of pixel. values of an 
input image and measures the number of pixel value 
types. ' . .. . J,.' 

. Output device effect degree determination tech- 
nique: Measures the effective number of gray levels of ss 
printer. 



(2) Block distortion 

Input image effect degree determination technique: 
Measures pixel value change of block peripheral pixels. 

Output device, effect degree determination tech- 
nique: Measures the effective number of gray levels and 
frequency characteristic of printer. 

(3) Granular noise 

Input image effect degree deteVmi nation technique: 
Measures power of signals at high and low frequencies 
of input image. Output device effect degree determina- 
tion technique: Measures the effective number of gray 
levels and. frequency characteristic of printer. 

(4) Beat ;i . 

Input image effect degree determination technique: 
Measures power of signais at high and low frequencies 
of input image. Output device effect degree determina- 
tion technique: Measures the. effective number of gray 
levels and^requency. characteristic of printer. 

(5) Mosquito noise ... . ..... . _ _ . v 

|nput image effect degree determin.atipn.technique: 
Measures power of signafs.at high and low frequencies 
of input image. Outpul : deyice^effect ^degree determina- 
tion.^ echnique:. Measures the ^effective number of gray 
.levels, and f reguency characteristic £f "printer. ' * .„ ,. t .' 

(Embodiment 15) ... r a 

. Next, a.fifteenth embodiment of the invent ioawill be 
discussed.. In the, embodiments, the input image effect 
degree, L the output device eff eqt .degree,, and the coding 
system" effect degree can be alf mapped in a onerdimen- 
sional space, but,the mapping space is not Jim it ed to the 
one-dimension a I space., . -. .._ ~ 

: For example, the number o{ pixel, value types of.pix- 
e I ya lu es 0 - 1 27 . and th e n u mb e r, ,of . p >ix e j ■ ; va lu e type s. of 
: pixel values 12B-255 of, an input .'image . a ^e, taken, 
whereby the pseudo contour effect degreejs.of tfte input 
image can be mapped in a two-dimensional space. ,l 

(Embodiment 16) . ; "7 . , . f 

Next, a sixteenth embodiment of the invention will 
be discussed. In the embodiments, the. coding system 
is JPEG, but not limited to- it . .. V ' . 

A prediction codirvg. system can . control [ image qual- 
ity by changing the quantization; step size. It is a coding 
system for using an already coded pixel to predict the 
next pixel value and coding a prediction error thereof. 

A prediction error signal distribution becomes a dis- 
tribution leaning to Q as.shown.in Fig. 38. The quantiza- 
tion step for quantizing the prediction error signal is de- 
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termined in various manners. Nonlinear quantization 
and linear quantization as shown in Fig. 39 are availa- 
ble. 'The vertical lines in Fig. 39 denote quantization 
threshold values. 

The quantization patterns can be handled as quan- 
tization matrixes in JPEG. 

(Embodiment 17) 

Next, a seventeenth embodiment of the invention 
will be discussed. ' ' 

the seventeenth embodiment is realized by provid- 
ing the seventh embodiment in a more specific config- 
uration. It will' be discussed With reference' to Figs. 
12-17 : 22, 23, 28, 29, 3i', and 33. The components, ref- 
erence numbers, etc., shown in Figs. 22, 23, 28, 29 : 31 , 
and 33 are the same as those described in the corre- 
sponding embodiments. The operation in Figs. 22, 31 , 
and 33 is also the sarnie, as thai described in 1 the^ corre- 
sponding embodiments. ^ lJ< " : 

Here, 'the ■ correspondence between ' 'the : corripo : 
nents shown in Figs. 22| 23, 28", 29, 31 , and 33'and those 
shown in Figs. 12-17'wiM ; be mainly discussed and spe- 
cific configuration will not be discussed in detail- 
First, the correspondence with the components in 
Fig. 13 will be discussed. In Figs. 22, 31, and 33, the 
' 'input image "edgebusihess effect degree-determination 
Circuit 258 aha the' input imatge blur effect degree deter- 
mination 'circuit 259 correspond to the input image prop- 
' eriy input means *1B'^. The output device edge business 
effect degree' &eterminatioh circuit 264 and the output 
device blur effect degree determination circuit 265 cor- 
respond to the image output property input means^i SS. 
The coding system edge business effect degree deter- 
"mtnatidrt 'circuit 270 arid the coding system blur 'effect 
degree determina'tibn circuit 271 correspond to the i mi- 
lage coding property input means' i58.' The edge busi- 
ness^ degme determination circuit- 275 and the blur de- 
gree 'determination circuit' 276 correspond to the image 
quality prediction means 160. The edge business ^de- 
gree' 277 ancflhe* blur degree '278 correspond to the 
" iterr?-by-item' image quality'i 6T. the total image quality 
'determination circuit 279 corresponds to the total image 
qualify prediction 1 means T'63? Further the total image 
qualify 580 correspdhds to the' total image quality 164. 
The correspondence with the components in Fig. 

15 will be discussed. In Fig. 23, the edge detection cir- 
cuit 291 corresponds to the image analysis means 182. 
The binarization circuit 292 and the'ltne width detection 
circuit 293 correspond td'the" input image quality 'effect 
degree calculation means 1 84. ! - " i; 

' The correspondence with' the components in Fig. 

16 will be dis'cu'ssed/trrFig. 28, the address calculation 
"'circuit 303 and the edge business effect degree memory 

305'correspond to the 1 image output image quality effect 
degree storage mea'ns 192. The edge business effect 
^degree 1 calculation circ'uit'307 corresponds to the image 
' output Image quality ^effect degree calculation means 



194. 

The correspondence with the components in Fig. 
17 will be discussed. In Fig. 29, the address calculation 
circuit 311 and the edge business effect degree memory 

s 31 3 correspond to the image coding image quality effect 
degree storage means 201 . The edge business effect 
degree calculation circuit 315 corresponds to the image 
coding image quality effect degree calculation means 
203. • '* 

10 " The operation of the input image edge business ef- 
fect degree determination circuit 258, the input image 
blur effect degree determination circuit 259, the output 
device edge' business effect degree "determination cir- 
cuit 264, 'the output device blur effect degree determi- 

75 nation circuit 265, the coding system edge business ef- 
fect degree determination circuit 270, the coding system 
blur effect degree determination circuit'*27l, the edge 
business degree determination circuit 275, the' blur de- 
gree determination-circuit 276, and the total image qual- 

20 iiy determination circuit 279 is the same as that de- 
scribed in the ninth embodiment. 

' "It is clear that likewise, the eighth embodiment can 
also'be realized specifically. j 

2S (Embodiment 18) / 

Klext, an eighteenth embodiment of the invention 
wilt be discussed. 

' : "' the eighteenth embodiment will be discussed with ' 
30 refeferite to Ficjs. 18-20 J ahd 34. The components, ref- 
ererice Hurribers' dtc, shown in Fig. 34 1 a re the same as ? 
thosre Ides^Vibe'dlrf tfte^hirteen^h embddiment. The op- h 
eV 1 a = ti6riMh : 'Rg': 34 r is'the : sanrie ; that described in the t 
nintK'embodimeht. ; ■'-* " L ; ' ■ - 

Here, the corVesp'6nderice ; between the compo- 
nents shown in Fig. 34 and those shown in Figs. 18-20 
will be mainly discussed. : 

In Fig. 34, the input image edge business effect de- 
'gree determination circuit 258 and the input image blur 
40 effect degree' 'determination circuit 259 : correspond to 
the? In pu t i mage p rop e riy ' h put m ea n s i"52 . Th e c utp ut 
devtce'edge business effect degree" determination cir- 
cuit '264 and'the output device blur' effect degree deter- 
mination circuit 265 correspond' to the image output 
4S property input means 155: The coding system edge 
business effect degree determination circuit 270 and the 
coding system blur effect degree determination circuit 
271 correspond to the image coding properly input 
means 158. The edge business control method deter- 
so miriation circuit 361 and the blur control method deter- 
mination ^circuit 362 correspond to the image quality 
control 'method determination means 220. The edge 
business control method 363 and the blur control meth- 
od J 364 correspond to the item-by-item image quality 
"55 control method 221. The scaling factor determination 
circuit 365 corresponds to the total image quality control 
means 223. Further, the scaling factor 366 corresponds 
to the coding parameter 224. In the embodiment, de- 
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sired image. quality is fixed and desired image quality 
input means 211 is previously built in the scaling factor 
determination circuit 365. 

The operation of the input image edge business ef- 
fect, degree determination circuit 258, the input image 
blur effect degree determination circuit 259, the output 
device, edge business effect degree determination cir- 
cuit 264,. the output device blur effect degree determi- 
nation circuit 265, the coding system edge business ef- 
fect degree determination circuit 270, the coding system . 
blur effect degree determination circuit 271, the edge 
business control method determination circuit 361, the 
blur control method determination circuit 362, and the 
scaling factor determination circuit 365 is the same as 
that described, in the thirteenth embodiment, 

.Further, the configuration wherein the desired im- 
age quality input means 211 is not previously built in the 
scaling factor determination circuit 365 will be discussed 
with reference to Fig. 40. ....... 

In Fig. 40 : numeral 381 is a desired image quality 
input circuit and numeral 382 is desired image quality. 
Other reference numerals are identical with those in Fig. 
34. \ ,," , ' ' . 

In Fig. 40 ; . the desired image quality input circuit 381 
corresponds to the desired image quality input means 
211 and the_desired image, quality. 382 corresponds to 
the desired image quality 212. 

The scaling factor determination circuit. 365 deter- 
mines a. scaling factor .from the. relaticinship^bet ween the 
edge business degree and. , sea ling factor as shown in , 
, Fig. 36. The,, input .desired image, qua I rty contains a de- 
sired edge business decree, and. a .scalrngjactor is de- 
termined from the desired edge' business degree as 
shown in Fig. 36. 

■ Likewise,. a scaling factor is determined from a de- v 
sired blur degree. , ,. . 

- Thus, the- scaling factor determination circuit 365 
. determines- scaling factors,. from one. or more, image 
quality degradation items and outputs the, smallest scal- 
ing factor for producing the best image quality from 
among the determined scaling factors. , 

As we have discussed, according, to the invention, 
image quality is.measured for each divided image qual- 
ity item, whereby various input physical amounts of an 
• input image property, an output machine property, an 
input machine property, an image coding system prop- 
erty, etc., can be mapped in a space consisting of con- 
tinuous parameters. Further, the total image quality can 
be found from the image quality for each image quality 
item, whereby when a plurality of physical amounts are 
measured, image quality control can also be performed. 



Claims 

1. An image quality prediction apparatus* comprising: 
a plurality of item-by-item image quality. predic- 
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tion means; and 

tolal image quality prediction means for deter- 
mining total evaluated image quality in re- 
sponse to degradation degrees predicted by 
said plurality of item-by-item image quality pre- 
diction means, wherein 



each of said plurality of item-by-item image 
quality prediction means comprises: 
input image property space placement 
means for finding a position of an input im- 
age property in a sp^ce where a degrada- 
tion degree varies continuously for the in- 
put image property having relation to an im- 
age quality degradation evaluation item 
causing image quality degradation of an in- 
put image; 

/ image coding prope/ty 'space placement 
means for finding a position of an image 
compression property in a space where a 
degradation degree varies continuously for 
the Image compression property affecting 
the image quality degradation evaluation 
item causingjmage quality degradation of 
an image compressed in' nori- reversible 
coding: ' J ' ' ' ' / , '~ 
output device property 1 space placement 
means" for, finding 'a position' ol an output 
device property in a space where a degra- 
dation degree varies continuously for the 
' output device property affecting the image 
quality degradation, evaluation' Hern caus- 
ing .image qualjtyj degradation of an output 
image ^ and \ ' . ~"' ' 
image, "quality "degradation degree' predic- 
ation means for predicting a degradation de- 
.,gree for the"" .image ^quality degradation 
' evaluation item of the image in response to 
the position of the^ input image property 
found by said input image property space 
placement means,, the position of the im- 
age compression' ^I'ppe"^' found by said 
image coding property"" space placement 
means, and, the position of the output de- 
vice p rop e rty 'f ound by "sa id quip ut de vie e 
property^ space placement means, in rela- 
tion to the corresponding image quality 
d eg rada t i on ey a I u at ion ' i tern. * , 
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The image quality prediction apparatus of claim 1, 
wherein 

.each of said plurality of item-by- item image 
quality prediction means further includes; 
input image property determination means be- 
ing responsive to a parameter of an image input 
r .._ device for controlling an image quality of an im- 
age input through trie image input device for 
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3: 



t finding a .property .of the input image, and 
. wherein . 

.said input image property space placement 
i < v means uses the input image property found by 
said input image property, determination 5 
means. 

' ' , i , 

The image quality prediction apparatus of claim 1, 
wherein , 



w 



.. each, .of said plurality of item-by-item image 
..quality prediction meansjuilher includes; 
input image property determination means for 
analyzing an input image so as to find a prop- 
i e rty of the input image, and wherein 

said input ' image property space placement 
means, uses the input image property found by 
said .input "image property determination 
means. . ' 

. "the image quality predict ton apparatus of claim 1, 
wherein., -*'.,. 

' r said total, image quality prediction means de- 
termines that the minimum value of the degradation 
degrees predicted by said image quality degrada- 
. jjpn degree oredictiqn means contained in said plu- 
. .rality,,"qf jtern-b^itern image quality prediction 
m ea ns is adopt ed; a s'tptal eva I uated imagequality. 

v./Th\e ; 'ima^ of claim 1, 

wherein ' *.° v 1 "', \ 
... , ; _sajq total image quality prediction means de- 
terrriihes tViat a"l in ear sum' of tW'degradation de- 
grees predicted by ^aid. image quality degradation 
" ..^ degree. prediction^ in said plurality 

/ of item-By : it em image quality prediction means is 
. ' adopted, as total Evaluated irnage quality. 

An ihn^ge Quality control apparatus comprising: 

,. \ ". ,[ a pjuralify of item-by-item frriage quality control 
r . . method ^ means; and 

" total, Fmacje quality control means for determin- 
.. r " . . .." J09 1 4 ".cpdipg parameter in image compression ( 
to accomplish "desired image quality in re-" 
Vspohse \to\relatiohship between degradation 
^degrees determined by said plurality of item- 
by-item image quality control method determi- 
. nation means and coding paramete rs, 

wherein 

"each of saicj plurality of item-by- item image 
quality control method determination means 
comprises: ' / ' 
" 'input irnage property space placement means 
for finding a position of an input image property 
in a space' where a degradation degree varies 
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continuously for the input image property hav- 
ing relation to an image quality degradation 
evaluation item causing image quality degrada- 
' tion of an input image; 

image coding property space placement 
means for finding a position of an image com- 
! " press ion property in a space where a degrada- 
tion'- degree' varies continuously for the image 
compression property aff ecting the image qual- 
. ity degradation evaluation' item causing image 
quality degradation of an- image compressed in 
non-reversible coding; 

output^ device' property' space placement 
means for finding a pdsition'of an output device 
property in a space' where a degradation de- 
gree varies continuously for the output device 
property affecting the image quality degrada- 
tion evaluation item causing image quality deg- 
radation of an output image; and 
image quality control method determination 
means for determining relationship between a 
degradation degreefor the image 'quality deg- 
radation evaluation item and a coding parame- 
ter in image compression in response to the po- 
sition : of -the input image quality found by said 
input image property space placement means, 
the position of the image compression property 
found by said image coding property space 
' placement means, and the' position of the out- 
; put device property found by sa id output device 

' ' r,J?i 'fi fop e rt'y space* p lac e men t means; irv relation to 
' ; ' " ' HrW- coVmspbnding ' irnage' quality degradation 

> " H -' " evaluation item! ;fV> - ::; - ^ ; -~ ' -V 

" the' image quality control apparatus ! of claim 6, 
wherein - 

" ' * each of said plurality of ilem-by-itern image 
quality control method 'determination" means further 
Includes; ■ - '' "' " '•' : 1 

input image property determination means be- 
" : ing responsive to a parameter of a n : image input 
device for controlling an" image quality of an im- 
age input through the' image input device for 
finding a' property of 'the input image, and 
wherein 1 -»--.: 

- :,: said input image "property space placement 
means uses the input image property found by 

'• said input image - property determination 

; ' ' means. •■ * l l ' 

The image quality control apparatus of claim 6, 
wherein 

each of said plurality of item-by-item image 
quality control method determination means further 
includes;- 

input image property delermination 
■means for analyzing an input image so as to find a 



27 

BNSDOCID: <EP 0827346A2J_> 



53 



EP 0 827 346 A2 



54 



property of the input image, 
and wherein 

said input image properly space placement 
means uses the input image property found by said 
input image property determination means. 5 

9. The image quality; control apparatus of , claim 6, 
wherein , i 

said total image quality control means deter- 
mines a coding parameter to accomplish desired <o 
image quality and. provide the minimum compres- 
sion ratio based on the relationship between the 
degradation degree and coding parameter in image 
compression determined by said image quality con- 
, trot method determination means contained in each is 
of said plurality of item-by-item image quality control 
method; determination means. 

10. An image quality control apparatus comprising: 

image divisbn means for dividing an input im- 
age into a plurality of divided images constitut- 
< 'ed by a predetermined number of picture ele- 
ments; 

conversion means for converting said divided .25 
■, .images divided, by said image division means 
: into converted coefficients; 
• . ; image, analysis means for finding a property of 
: said divided images divided, by ; said image di- 
.< i vision means; ■ ,i, f : . 30 

■i image, output property outputjmeans Jor output- 
ting a. property of image output-means; 
o quantization method selection; mean's for se- 
■ , electing a quantization method -in /response to 
; ; //the divided image property found by said image .35 

! analysis means and the image output means 
. ■]- - - *.!' property output by .said image, output property 
■j . output means; 
f.n.- quantization means for quantizing. the conver- 
. ;■ sion coefficients found, by said: -conversion . 40 
-. ; . means by, the quantization method selected by 
said quantization method selection means; and 
coding means for coding the conversion coef- 
■n ; .ficients quantized by said quantization means. 

- 45 

11. The : image quality control apparatus of claim 10, 
.wherein , > . . . 

^ the image output means property output by said 

• image output property output means includes; so 

\ . the effective number of gray levels of said im- 

, age output means. 

12. The image quality control apparatus of claim 10, 
wherein 55 

1 i the image output means property output by said 
■ • ■ image output property output means includes; 



an output frequency characteristic of said im- 
age output means. 

13. The image quality control apparatus of claim 10, 
wherein 

the divided image property found by said image 

analysis means includes; 

a line width in said divided image. 

14. The image quality control apparatus of claim 10, 
wherein 

the divided image property found by said image 
analysis means includes; 
a power distribution for. each frequency of the 
divided image. 

15. An image quality control apparatus comprising: 

image division means for dividing an input im- 
age into given constant areas; 
conversion .means for converting the image di- 
. vided by said. image, division means and finding 
a conversion^coeffjcients; .. 
image analysis! means for. finding a property of 
the image divided by said . image division 
means; ... - ^ ' . 

. ;- . ; ima ge cod i n g p r ope rty o ut p ut mea ns f or out p ut - 
... ting a property of a quantization method and a 
... ; . property of sa id ; cppyersjon .means; 
r , . i r, o quantization, met hqg\ selection means for se- 
lecting a quantization- method in response to 
., , , „ . f . the divided image property found by said image 
analysis means, and the., quantization method 
property and, the. conversion- means property 
v . output by said image coding, property output 
means; <■ , _-, r j.\ 

quantization, means f piquant izing the conver- 
sion coefficients found, by., .said conversion 
means by the, quantization .method selected by 
said quantization method selection means; and 
. , r coding means for coding. the conversion coef- 
ficients quantized by, said quantization means. 

16. The image quajity control apparatus of claim 15, 
j wherein i,-. .' - ; .. 

j the conversion means property output by said 
image coding property, output means includes; 
a property related to discrete cosine transform. 

. 17. The image quality; cqntrpl apparatus of claim 15, 
wherein -_•<■.•-*." \. 

.,i . ■ the conversion means property output by said 
image coding property output means includes; 
a property related to conversion based on pre- 
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diction. 

18. The image quality control apparatus of claim 15, 
wherein'*" ; 

the divided image property found by said image 
l " analysis means includes; ' v - 
a line width in the divided image. " ; 

19. The image quality control apparatus of claim 15, 
' wherein ' 

the divided image property found by said image 
' r - ' : analysis means includes; 

a power distribution for each' frequency of the 
1/1 divided image. ; " ' ' 

20. An image quality prediction apparatus comprising: 

a plurality ol item-by-item image quality predic- 
tidn means 1 each including;" ' '' i*" ■ 



inp'uVirhage prdperty iriput'means for input- 
ting a property ; oT ah 'input' image affecting 
an image 1 quality degradation evaluation 
** ; item causing image quality degradation of 
; -* ' an* ihp'ur ima ge 1 , ' : " 

image coding property input means for in- 
:i " "putting 'a property of image' 7 compression 
' " r ' : aft&ctirlg' : '&n-" image quality" degradation 
y ' ri i e'v%lu^ifdn rterh'ca using image-quality deg- 
("a^atrcin ot an -image compressed in noh- 
r Reversible' coding,'- ■ " ; " 
JK bufp'uVdevice properly input means for in- 
putting- a property of an output device af- 
"- ■'' fe'eting an image quality degradation eval- 
'" '■' : 'uat iomterh causing image qua lity degrada- 
tion of an output image, and ,v 
; f'' trrtage quality degradation degree predic- 
: 1 lion means for predicting a degradation de- 
- ; ' r ' fi gree' fbr'Hhe image quality degradation 
^'eVaiuatibmtern of the image in response to 
f v " ' the 'in put irhage prdperty input by said input 
,t ' L ' A Tma'ge" property ' input means, the image 
compression property input by said image 
11 'coding property input means, and'the^but- 
put device property input by said "output de- 
vice property input means, for a plurality of 
Vimage ; quality degradation evaluation 
"hems; and "' ^ - : ■ 



r ."if' 



io 



total image quality prediction means for deter- 
mining 1 "total evaluated image quality in" 're- 
sponse to evaluated image quality predicted by 
said image quality degradation degree predic- 

' : t ion 'means- contained in each of said plurality 
of item-by -hem image quality 1 prediction 

' 1 means/ ' ■ " : * 1 '* v 



15 



20 



25 



30 



■35 



40 



45 



SO 



SS 



21. The image quality prediction apparatus of claim 20, 
wherein 

each of said plurality of item-by- item image 
quality prediction means further includes; 
a memory for storing evaluated image quality 
determined by the input image property, the im- 
age compression property, and theoutput de- 
- " vice property, and previously found by an eval- 
V! ■ uatk>n experiment foreach image quality deg- 
radation evaluation item, 

5 and 'wherein ~! : - ' - 

said image quality degradation degree predic- 
tion means reads the evaluated image quality 
stored in said imemory "by using the input image 
property input by 'said input 'image' property input 
means, the image compression property input by 
said image coding prdperty input means, and the 
output device properly found by said output device 
property input means. 

22. The image quality prediction apparatus of claim 21, 
wherein 

if -evaluated image quality corresponding to the 
input image property input by said input image 
'0 ' property input means; the image compression 
" ' . ' property input by said image coding property in- 
put means, and the output device property 
■ jGi .r. found by : '«a id output device - property input 
' ; me an s 'is' hot istor ed i h sa id -m emory, 
" ~ : " said irriage f quality-degradation degree predic-- 
! - " -lion means uses values close to the input image 
property iripurby said input image property in- 
■ • ' put means, the image compression property in- 
yr ■ put by said image coding property input means, 
and the output device property found by said 
; • ; - output device property input meanslo read re- 
" ' -' latioriship between the evaluated image quality 
■ ; '-'stored' in said memory and coding parameter in 
* image : compression. : 

<23.' An image quality contror apparatus comprising: 

' ; a plurality of item-by-item image quality control 
method determination means each including; 

- -' ' input image property input means for input- 
; - ting a' property of an .input image affecting 
1 ■ •'■ an image quality degradation evaluation 
item causing image quality degradation of 
an input image, 

image coding property input means for in- 
putting a property of image compression 
affecting an image quality degradation 
evaluation item causing image quality deg- 
- radation of an image compressed in non- 
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reversible coding, 

output device property input means for in- 
putting a property of an output device af- 
fecting an image quality degradation eval- 
uation item causing image quality degrada- 
tion of an output image, and f 
image quality control method determina- 
tion means for determining relationship be- 
• tween a degradation .degree for the image 
quality degradation evaluation item and 
- coding parameter in image compression in 
response to the input image property input 
by said input .image property- input means, 
the image compression properly input by 
said image coding property input means ; 
and the output device property input by 
said output device property input means, 
=;-■ . for a plurality of image quality degradation 
-evaluation items; 

. desired image quality input means ,f or an oper- 
, ator to enter desired image .quality; and 
total image quality control means for determin- 
ing a coding parameter to accomplish the de- 
, sired image quality entered through said de- 
. _ ■ sired image quality input means in response to 
■. - the relationship between the evaluated image 

• quality and coding parameter determined by 
■ i said image quality control method, determina- 
tion means contained in ; each oLsaid plurality 

. :■ : . - ■ of_ iterrvby-item . image -quality control method 
- determination means. - r v ;-„ CL - 0 

24.. The image quality control apparatus, of claim 23.. 
■ -.wherein-:- -«-,■< « • ■ - 

'..c . ; each, of ;said plurality of it em -by,- item image 
. u ' f. quality control .method determination means 
] : , further includes a memory -for storing relation- 
; ' : .. ship between evaluated image quality deter- 
> mined by .thejnp.ut image property, the image 
r compression property,. -and .the output device 
k property and.p.reviously found by an evaluation 
experiment for each image.quality degradation 
evaluation item and coding parameter in image 

• . compression, and wherein ,~ 

said image quality -control method determina- 
tion means reads the relationship between the 
evaluated image quality and coding parameter 
in image compression stored in said memory 
by using the input image property input by said 
input image property input means, the image 
■ ■ : compression property input by said image cod- 
ing property input means, andthe output device 
. property found by said output device property 
input means. 

25. The image quality control apparatus of claim 24, 
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wherein 

if the relationship between the evaluated image 
quality and coding parameter in image com- 
pression corresponding to the input image 
property input by said input image property in- 
put means, the'image compression property in- 
put by said image coding property input means, 
. and the output device property found by said 
. output device property input means is not 
. . t . stored in said memory, 

said image quality control method determina- 
". , tion means uses value's close to the input image 
property input by said input image property in- 
put means, the image compression property in- 
put by said image coding property input means, 
and the output device property found by said 
output device property input means to read the 
. relationship between the evaluated image qual- 
ity and coding parameter in image "compression 
stored in said 'memory. 

26. The image quality control apparatus of claim 23, fur- 
ther including; ^ 

input image analysis means foranalyzing an 
input image and jriput image quality effect degree 
calculation means for calculating an effect degree 
for an image quality degradation evaluation item in 
response to the analysis result of said input image 
analysts means,' said input image property input 
. ... . means for inputting the effect degree calculated by 
t , .. . . said Jo put tma ge qual ity effect ' tJegree' ca leu tat ion 
means. ' "'" 1 "' ' ' 



as t 27. The image" quality control apparatus of claim 25, 
wherein , '' • ' 

said input image analysis means includes as a 
, , , t ; property of the input image to be analyzed; 

,.. any one or more of the number of pixel value 
. t typ } es of the inplut image, pixel value change of 
r peripheral pixels, power of low-frequency and 
high-frequency signals, and image quality 
when a givenjmage is.pqbed by a given coding 
apparatus and the resultant image is output on 
a given output device 

.28. The image quality control apparatus of claim 23, 

wherein , ~" ' 

' ' ' '■' »: ' - -. st,' -•. -! 

said output device Droperty input means in- 
cludes as a property of an output device; 
any one or more of resolution of the output de- 
vice, the number of . gray levels, a frequency 
. .transfer characteristic, dot form, dot print accu- 
racy, th. e n u mb er of ha Ifton e dot lines, ha Iflone 
t dot form, tone curve /contrast, and image qual- 
... ity when a given image is coded by a given cod- 
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ing apparatus. 

29,, The image, quality control apparatus of claim 23, 
wherein , , ; . r 

' '. / ,sa id. image coding property input means in- 
.. r v eludes as a property of image compression; 
, , . any one or more of a blocking technique, a 
. quantization characteristic, a frequency trans- 
fer characteristic, a subsampling technique, an 
^ , .* interpolation technique, and a cqnversion tech- 
nique when the image' compression is execut- 
'"' \.. \ ed.and image quality' when a given image is 
V output. by a given output device. 

.30. The image quality control apparatus of claim 23, 
„ ; . 'whare)n ' ' ..*'.'. , . ' , t j". 

1 , ..said input image property input means includes 
as a property of an input image; ' v ' 
any one or more of image quality when the input 
image is coded by a given coding apparatus 
and the resu ltant image is output on a'given out- 
... , , put device and input camera aperture informa- 
' v ^ . t ipni ,pjxe J density, \pixe I size,' and the n umber of 
quant izaf ion b its of image in p ut de vice p rop e r - 
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, Ar» jmage^yajity coht rbf apparatus comprising: 



[ y r^Ky otjiiehi-by^item image quality cont rol 
' ' J metftob* defeVrriiriation means' each' including; 



input image property input means for input- 
ting a' property of ari input image affecting 
an image quality degradation evaluation 
item causing image quality degradation of 
" .an. input image, 
" " jmage' coding property input means for in- 
". ./putting a property of image compression 
affepting an image ' quality degradation 
'evaluation item causing image quality deg- 
radation o\ an image compressed in non- 
\' Yevers^bie coding, ' 

" output device information input means for 
inputting Information concerning an output 
device, and 

image quality' control method determina- 
tion means for determining relationship be- 
tween a degradation degree for the image 
' quality" degradation evaluation item and 
' coding parameter in image compression in 
" ' response to't he 'in put image property input 
"by said input Image property input means, 
the image compression property input by 
said irnage coding property input means, 
' \ arid the output device information input by 
" said output device information input 



means, for a plurality of image quality deg- 
radation evaluation items; 

target image quality input means for inputting 
5 ' target image quality; and 

total image quality control means for determin- 
ing a coding parameter to accomplish the target 
image quality input by said target image quality 
input 'means in response to the relationship be- 
io ' ' tween the'evaluated : image quality and coding 
: parameter determined' by said image quality 
' control method 'determination means contained 
' in each of said plurality of item-by-item image . 
• quality control hnethod determination means. 
is ■ ' ■ ■• r - ' • ■• ' 

32. An image quality prediction method comprising: 

step A of finding a pbsition of an input image 
property in a space where a degradation de- 
20 gree varies continuously for the input image 

property having relation to an image quality 
degradation evaluation item causing image 
quality degradation of an input image; *> 
step B of finding a position of an image com- 
25 pression property in a space where a degrada- 

tion degree varies continuously for the image 
' ' : "compression property affecting an image qual- 
~ *' * ity degradation evaluation item causing image 
■ ' ' ; 'quality degradation of an image compressed in 
30 • =- " ! nbn- reversible" coding; * : 

' " ■ |r - ! ' v 'step 6bf find i rig a position of an output device 
•property in a space where' a 'degradation de- 
gree varies continuously for the output device 
: - r : " " property affecting ah image quality degradation 
35 evaluation item causing image quality degrada- 

tion of an output image; and 
' - °' r - step D of predicting a degradation degree for 
'-'* r the image quality degradation; evaluation item 
' ' u : °' ' of the image in response to the position of the 
40 ~ ' -input image 1 property found in said step A, the 
■■■ position of. the' image "compression property 
? : M: • ; f 0unc f j n sai d step B, and the position of the out- 
put-device property found in said step C, for a 
- ! plurality of image quality degradation evalua- 

45 ■ : tion items; and ■ ■ r 

step E of determining' total evaluated image 
1 quality in response to Xhe- evaluated image 
quality predicted for each of the image quality 
degradation evaluation items. 



so v ' * : 

33. An image quality control method comprising: 

step A of finding a position of an input image 
property in a space where a degradation de- 
55 ' gree varies continuously for the input image 
property having relation to an image quality 
degradation evaluation item causing image 
quality degradation of an input image; 
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step B of finding a position of an image com- 
pression property in a space where a degrada- 
tion degree varies continuously for the image 
compression property affecting an image qual- 
ity degradation evaluation item causing image s 
quality degradation of an image compressed in 
non-reversible coding; 

step C of finding a position of an output device ■ ' ' 
property in a space where a degradation de- 
gree varies continuously for the output device io ' 
property affecting an image quality degradation, 
evaluation item causing image quality degradar ' - ' : • 
tion of an output image; and ~j . ■■>/."" f 
step.D of determining relationship between a 
•degradation degree lor the image quality deg- - « 
radation evaluation item and coding parameter = >>■ ' .j 1 ■ 
in irnage compression in response to the post- ' 
.1 tion of the input "ijn&ge property* found in said 
step A/lhe position of the image compression , * ■ 
property found in =said step B, and the position 20 
of the output device property found in said step 
C, for a plurality of image quality degradation 
evaluation items: and 

step E of determining a coding parameter toac- 
complish dosircd image quality in response to 25 
the relationship between the evaluated image 
quality and coding parameter 'determined for 
each of the image quality degradation evalua- 
tion items. 
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(57) An image quality control apparatus is disclosed 
which comprises: 

image division means for dividing an input image 
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predetermined number of picture elements; 
conversion means for converting said divided imag- 
es divided by said image division means into con- 
verted coefficients; 

image analysis means for finding a property of said 
divided images divided by said image division 
means; 

image output property output means for outputting 



a property of image output means; 
quantization method selection means for selecting 
a quantization method in response to the divided 
image property found by said image analysis means 
and the image output means property output by said 
image output property output means; 
quantization means for quantizing the conversion 
coefficients found by said conversion means by the 
quantization method selected by said quantization 
method selection means; and 
coding means for coding the conversion coefficients 
quantized by said quantization means. 
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